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PREFACE 


Why Do You Need This Book? 


This book is the result of 10 years of learning by doing. Ten years ago, no 
one had installed wind farms offshore commercially. Test sites that had been 
or were installed—in Denmark predominantly—consisted of turbines up to 
600 kW and were limited in numbers. In 2001 the first semicommercial 
wind farm consisting of 20 Bonus (now Siemens) 2.0-MW turbines was 
installed at the port entrance of Copenhagen on a sandbank known as Mid- 
delgrunden. Those turbines were the result of'a private initiative among the 
residents of Copenhagen called “Middelgrundens Vindmgllelaug.” The ini- 
tiative was backed by the utility “K@benhanvns Energi A/S,” which signed 
the PPA for the 20 turbines to supply power. This made construction of the 
wind farm possible and installation was started in 2000. 

When the project was planned and executed, there were no set standards 
for offshore work, no programming of activities, and no legal framework 
that could regulate the activities concerning HSE and the permitting of 
the project. All this was being developed as we moved forward. I wrote this 
book to record the findings, experiences, and methods that have proven 
solid enough to endure through the past ten years of offshore construction 
and have formed the basis of lawmaking, setting of best practice standards, 
and HSE regulations for working in the wind farm industry offshore. 

What is here represents a work in progress. This means that the data, the 
statements, and the findings are the best information I can give the reader at 
this point in time. Therefore, the book will be updated over the coming 
years, and new information and more authors will contribute data that 
can be of use in the process of installing an offshore wind farm. 

The intention is to create a robust basis for understanding the offshore 
wind farm industry. It is, however, also a book with some anecdotes from 
my years in the industry, and I hope provides the reader with some food for 
thought. It is my belief that this is a more interesting way to learn and to 
remember data that can sometimes be boring. By giving them life, they will 
stay in one’s memory longer. 
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Who Should Read This Book? 


This book is addressed to everyone involved in or soon to be involved in the 
offshore wind farm industry, whether a consultant, financier, engineer, or 
technician. It is designed to answer common questions that will be asked 
at the start, in the middle, and toward the end of a wind farm installation 
project. 

The recorded experiences from the last ten years will help point the pro- 
fessional in the right direction. It will also give the financing society a chance 
to ask the technical questions that are necessary to determine whether pro- 
ject planning and execution sound sensible and have been adequately 
thought through. The engineer will be able to plan without walking into 
the biggest and most obvious obstacles that are common in the process of 
installing an offshore wind farm. 

The health, safety, and environmental (HSE) professional will be able to 
figure out how to set up and execute the planning and monitoring of the 
processes from a safety point of view. The financier will be able to ask some 
more in-depth questions and certainly understand more of the process, the 
risks involved, and why the world looks different outside an office. 

The intent is not to present “be all and end all” documentation but rather 
to provide a statement that the reader can use as a starting point for an off- 
shore wind farm career. There is a huge need for more in-depth knowledge 
and information before the many statistics, hints, and fragments of advice can 
be of use. This is why one should start here and work through the knowl- 
edge base that is contained everywhere in the industry but, unfortunately, is 
scattered around the globe. The reader needs to locate and sort through the 
information in order to be able to work professionally. After reading this 
book, one should feel confident in one’s knowledge about wind farms. 


How Does the Author Feel about Wind Farms? 


It is important for the reader to understand the author’s context. Admittedly 
Iam biased toward some ways of executing the offshore installation of foun- 
dations and turbines. Therefore, the recommendations and reservations in 
this book reflect my personal opinions. The recommendations and opinions 
are, of course, based on my years of experience in the industry. 

It would be wrong, however, if I said that the methods and processes 
described here are the only valid ways of installing an offshore wind farm. 
So, whenever a method or process is described, I make an effort to docu- 
ment the shortcomings of all of the alternatives, as well as list other possible 
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ways of carrying out the work. It is then up to the reader to decide which 
viewpoint to take toward the documentation and statements made in this 
book. 

Let me emphasize though that the methods and processes described do 
work. Other solutions may work, too, and I make a sincere effort to state 
in unbiased terms the pros and cons of proposed alternatives. The litmus test 
that I will always apply to determine the viability of an alternative will be 
whether or not it is cost effective. 

I believe we can engineer almost anything. Many alternative methods 
proposed in the offshore wind farm industry are technically possible and exist 
in other industries—mainly offshore oil and gas. But the cost of these tech- 
nologies and methods may prohibit them from being used in the offshore 
wind farm industry. I make a point of demonstrating this whenever I list 
the alternatives. 

The reader should always keep an open mind about what is stated in this 
book. It is essential to understand that the focus is on the object—installing 
an offshore wind farm—but the point of view may be different depending 
on who one talks to in real life. Therefore, the statements and recommen- 
dations should serve only as guidelines—things that have been done before, 
methods that may change—and all of this is intended to prepare the reader 
for further study, real work, and a fact-based opinion about this industry. 


What Can You Get Out of This Book? 


After finishing this book, it is my hope that the reader will have an in-depth 
understanding of the offshore wind farm industry. One should be able to 
make major decisions to map out the main planning and execution route 
for an offshore wind farm project that one is working to complete. 

The reader should know the best choices to make and the consequences 
they will involve. This is important because every time a component in the 
offshore environment is changed, repercussions could well reach beyond 
the single component being altered. 

As such, the offshore environment can pose challenges that are different 
from the onshore environment. Why is this so? A good example is if you 
change the size of the foundation due to poor ground conditions. Onshore 
you would ask the geotechnical engineer how much additional material to 
remove in order to get to a firm, stable ground. Once this is established, you 
can estimate how much extra concrete to pour in order to create the proper 
foundation for the turbine. This is fairly straightforward engineering and not 


xvi Preface 


really that complicated. It involves calculating amounts, an excavator, and 
additional time. 

For the offshore wind farm, it is an entirely different beast. The first thing 
to ask for is an additional set of core drillings to establish how much the sea- 
bed varies and to what depth. This may very well change the entire foun- 
dation system to be used. As an example, the Baltic 2 project had such 
challenging ground conditions that it was necessary to install two entirely 
different types of foundations: monopiles and jackets. This was the result 
of the poor seabed conditions in the area. There is more to it however. 

If the foundation or ground is different from the baseline set of charac- 
teristics, the entire iterative process of calculating the turbine—foundation 
interaction is different, and thereby the individual foundations need to be 
different. Furthermore, if the foundation is different—say, a jacket and a 
monopile—in the same wind farm offshore, it requires two sets of sea- 
fastening on the installation vessels, two types of hammers to drive piles, 
and so on. There are far-reaching consequences when greatly varying seabed 
conditions offshore are found compared to onshore. 

This is why it is important to read and understand all of the factors of the 
various disciplines of an offshore wind farm project. The smallest compo- 
nent will change the larger system if it is important enough. After reading 
this book, the reader should be able to make detailed plans and to understand 
and account for the many variables that will impact the project from start to 
finish. 

What is here is also intended to give the reader the opportunity to ask 
questions. The more that’s read, the more thoroughly you will be able to 
understand the industry, giving one a continuously improving basis of 
forming one’s own opinion. That is the goal of the book: to inform and 
to facilitate discussion. 

This is not a recipe book in which the reader can look up any question 
and easily find an answer; it is meant to provide readers with opportunities to 
start their own thinking process and to develop methods and answers. This is 
the place to look for hints, advice, stories, and a possible road map to follow 
to establish the most direct route to the successful installation of an offshore 
wind farm. 

I therefore suggest that you to read on and educate yourself. Have a few 
laughs over some of the things that have been done, and ponder some of the 
ideas that are freely floating around in the industry. All of this is here to give 
readers the best possible basis of educating themselves to become industry 
professionals—a few of whom I hope to meet offshore someday. 
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A final word of advice: When I started in the offshore wind farm indus- 
try, none of us knew what we were doing. We learned that in the most pos- 
itive of environments we were lucky on the big and tough decisions, and we 
were blessed with two years of good weather. These conditions are not 
something to take for granted. As a good friend and colleague once said, 
“Good planning blessed with the maximum amount of luck available is 
not something you should frown upon.” 

There you have it. It is my firm belief that we can all do what we want to 
as long as we are open minded and ready to take in new knowledge and listen 
to sound advice. Don’t be afraid to walk out in this industry as a novice. You 
will learn—from this book and from the fact that the Titanic was built by a 
team of the most skilled engineers available and Noah’s ark was built by an 
amateur. So, the good news is that there are opportunities for all of us. We 
just have to be open to taking them—as I did. 


ACKNOWLEDGMENTS 


As with all things in life, no one can carry out an achievement on his own. 
This book is no different. It would not have been possible to deliver the 
manuscript without the support of my wife Ase and my family, who have 
been asking me with interest about my progress, encouraging me when 
things were going well, and pestering me when I didn’t feel like writing 
and the laptop lay idle. 

Furthermore, I would like to thank Rachel Pachter and Paul Quinlan for 
contributing parts concerning the permitting process. We have made an ini- 
tial summary of the various processes, recognizing that this is a living thing, 
which will require revisiting on a regular basis. In the course of writing this 
book, many items in the permitting process in both Europe and the United 
States have changed and thus given rise to last-minute revisions. 

Marilyn Rash, with the help of Deborah Prato and Samantha Graham, 
did a marvelous job of editing and proofreading the pages to make my 
“Denglish” into a perfectly understandable script. Even though various sat- 
ellites refused to send the chapters back to me for proofing in a timely 
manner, we managed to get everything finished. 

Finally, I would like to thank Tiffany Gasbarrini for undying support and 
pep talks during the entire process. If I am ever to experience divine pa- 
tience, she must have been the one showing it. Tiffany gave me the oppor- 
tunity to write this book, and I hope I did not disappoint her with the result. 


xix 


ABOUT THE AUTHORS 


Kurt Thomsen is the mastermind whose innovative ideas effectively 
invented functional offshore wind farms. An architect and crane operator 
by profession, he developed and patented the world’s first “crane ship,” 
before which there was no way to successfully transport and install wind tur- 
bines at sea. He has founded four companies, one of which, A2SEA A/S, has 
installed more than 800 wind turbines in the waters around Denmark, 
Sweden, Holland, and the United Kingdom. 

The world’s largest wind turbine manufacturers, including Vestas, 
Gamesa, GE, Siemens, Areva, and Nordex, have been working with Mr. 
Thomsen to develop new turbine designs that will facilitate better produc- 
tivity in marine conditions. His current company, Advanced Offshore So- 
lutions, has developed technology that enables the transport of 18 wind 
turbines simultaneously, and can complete installation of the lot within 
24 hours. 

A highly sought-after conference speaker and consultant, Mr. Thomsen 
has edited and translated technical books in English, German, Norwegian, 
and Danish. He is also a contributing columnist for Cranes Today magazine. 


Rachel Pachter is the Permitting and Environmental Manager for Energy 
Management Inc., the developer of Cape Wind—the first proposed and per- 
mitted offshore wind project in the United States. Rachel has been working 
in U.S. offshore wind development since 2002. 


Paul Quinlan is Managing Director of the North Carolina Sustainable En- 
ergy Association. He has extensive experience developing and promoting 
onshore and offshore wind energy policies. In addition, he regularly teaches 
and publishes reports on renewable energy topics. 


xxi 


CHAPTER ONE 


What Is an Offshore Wind Farm? 


Before we go any further in this book, it is probably a good idea to describe 
what exactly makes up an offshore wind farm. It will also be helpful to have a 
quick overview of many, ifnot all, of the technical terms used in this book so 
it will be easier to understand the descriptions. 

Some people may think this superfluous; however, the year after instal- 
lation of the Kentish Flats a letter to the editor of The Times, sent by an el- 
derly couple, demonstrated to me very clearly that not everyone understands 
the concept. This couple was probably a bit extreme, but in essence they 
complained that they could not walk the beach anymore simply because 
the wind generated by the turbines made it impossible for them to keep their 
balance. So, just to make it clear—a turbine does not generate wind by using 
electricity; it generates electricity by using the wind as the energy source to 
turn the rotors. This in essence is what the editor wrote back, as kindly as 
possible, to the couple. 

Anyway, now to get serious and down to the basics of wind energy. In 
this book, we are looking at the offshore wind farm installation and the 
offshore wind farm—or a wind farm in general; it can be described in the 
following manner. 

A wind farm is made up ofa number of wind turbines. Any wind farm will 
look more or less like another; Figure 1.1 shows a typical one. The wind farm 
is situated in an area with relatively shallow water not too far from the coastline 
and, of course, in an area where the mean wind speed is favorable. 

A wind turbine consists of three main components—basically what can 
be seen from the outside: 


* The tower, which is two or more steel tubes bolted together 

* The nacelle, or the generator house, which is fitted on top of the tower 

¢ The rotor, which consists of three blades connected to a central hub on 
the nacelle 


Of course, the turbines cannot stand on the water (or the ground if onshore, 
for that matter). They need a foundation, as shown in Figure 1.2. It can just 
barely be seen sticking out of the water. 
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Figure 1.1 Aerial photograph of an offshore wind farm. 
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Figure 1.2 Components of a wind turbine. 
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When a turbine is onshore, this is easy because the foundation is a con- 
crete slab that is heavy enough to create sufficient moment and holding force 
to withstand the movements and bending moments of the wind acting on 
the turbines. When a turbine is offshore, the outcome is the same, but there 
are four additional factors to consider when designing the foundation: 


* Water depth: The foundation must have an additional free-standing 
column. 

* Wave load: The waves induce more loads and bending moments on the 
foundation than the turbine itself. 

* Ground conditions: The foundation will not necessarily be fixed to the sea- 
bed immediately, but it may easily require additional depth before the 
ground has any bearing capacity due to the composition of the seabed. 

*  Turbine-induced frequencies: The turbine acts and counteracts the wave 
load, giving new and possibly higher loads to the foundation when 
the waves are added, which must be taken into consideration. 


The design of offshore foundations for wind turbines is an entire 
science unto itself and is not covered in this book. However, the subdivision 
of the four most commonly used offshore wind turbine foundations are de- 
scribed in the following sections, along with the pros and cons of each type. 


Monopile 

A steel tube ofa large diameter (4-8 m) that is driven into the seabed using a 
large hydraulic hammer is known as a monopile. It is able to stand upright 
because of the friction of the seabed on the sides and not having any vertical 
ground pressure on it. A monopile is commonly used in hard to semihard 
seabed conditions up to a water depth of around 25 m (Figure 1.3). 


Gravity Base 
A gravity-based foundation is a very heavy displacement structure usually 
made of concrete (Figure 1.4). The gravity base, which applies vertical pres- 
sure to the area below, stands on the seabed. The base is usually 15 to 25 min 
diameter, and all of the forces and bending moments are transported through 
the base of the foundation. Typically, a gravity base is used on semihard, uni- 
form seabed conditions and at shallower water depths, although a couple of 
projects (Thornton Bank, for example) have been installed in much deeper 
water using a gravity-based foundation. 

The size and weight of the foundations (from 1500-4500 tons) make 
transport and installation cumbersome, and it is worth noting that the seabed 
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Figure 1.3 A monopile being lifted out of the transport vessel. Courtesy of A2SEA. 
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Figure 1.4 Principle of the gravity-based foundation. 


must be prepared by dredging and backfilling material in order to install the 
foundation. So while concrete is cheap to build, it is extremely expensive 
and time consuming to install. Therefore, the gravity-based foundation 1s 
not the preferred solution. 


Tripod 

A tripod is a steel tube that protrudes out of the ocean surface (Figure 1.5). 
Under water there is a three-legged foundation; each “leg” ends in a pile 
sleeve, where an anchor pile is driven into the seabed to hold the foundation 


What Is an Offshore Wind Farm? 5 


Figure 1.5 Test tripod shown onshore in Bremerhaven. Courtesy of BIS. 


in place. The advantage of the tripod is that while the area penetrating the 
wave zone is as small as a monopile, because it is a single tube, it is spread out 
like a camera tripod on the seabed. Thereby it provides enormous stability 
against bending moments. 

In addition, the anchor piles, with their large distance to the center of the 
foundation, have the ability to resist very strong vertical forces as well as 
bending moments induced by the turbine and the waves. In particular, 
because there is only a single tube, it is possible to calculate wave-induced 
loads the same as a monopile. The tripod is commonly used by the oil and gas 
industry offshore at extreme water depths (25-50 m) and has proven itself to 
be very reliable. 

The disadvantage of the tripod is that for an offshore wind turbine of 
reasonable size, it is very expensive to produce, difficult to handle in 
large numbers at a time, and takes much longer to install than a “regular” 
monopile. 


Jacket 
A jacket foundation is a lattice-type steel structure, usually square in foot- 
print and constructed of thin tubes (Figure 1.6). The advantage of the jacket 
is that considering the size and water depth, its weight is fairly low. You can 
create massive resistance to force and bending moments simply by increasing 
the footprint of the foundation without significantly increasing the dimen- 
sions. It is used exclusively for large water depths, where it is the preferred 
solution. Like the tripod, it is fitted with corner pile sleeves where anchor 
piles are driven through to keep the jacket in place. 

The disadvantages of the jacket, in general, are that the cost of 
manufacturing the many nodes in the structure is costly and must all be done 
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Figure 1.6 A jacket foundation being installed at the Beatrice test wind farm. 


manually. In addition, the foundation is difficult to protect against ice loads 
as a result of the large footprint, even with the small tubes in the surface zone. 
This makes ice protection complicated and therefore expensive as well. Fur- 
thermore, the jacket is just as costly as the tripod, and currently turbines are 
not large enough to justify using jackets at great water depths. 
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ese 
Related Images 


Lifting a full rotor from the installation vessel is delicate and specialized work. In port, 
it is reasonably easy, but the operation becomes very difficult offshore because it is 
not possible to put people outside the vessel parameter to hold the rotor steady. 
Lillgrund Wind Power Plant, 2007-08-01. Test of blade montage on M/S Sea Power 
in Nyborg, Denmark. 


Crew transport between the turbines and from and to shore is an integral part of 
constructing and operating an offshore wind farm. 


CHAPTER TWO 


Obtaining Permits for 
Wind Farms 


A permit is required before any offshore wind farm can be built anywhere 
in the world. The countries that engage in this industry handle the permit- 
ting process very differently. This can range from a meticulous and rigorous 
process with detailed specifications of the deliverables to no or very few 
regulations in place in some countries. This, of course, influences the scope 
of the wind farm owner’s plans and the consistency of the regulatory 
process. 

This book outlines the main parameters of three different regulatory 
processes—those of the United States, the United Kingdom, and Germany. 
These have been chosen because of the perception that they will be the main 
wind farm markets in the future and because they represent the mature, the 
young, and the emerging ones. 


THE UNITED STATES 


Permitting is the first hurdle in the development of offshore wind technol- 
ogy in the United States. The regulatory process for gaining approval re- 
mains an evolving one. Individual states, towns, electricity regions, and 
the federal government all maintain authority over offshore wind projects. 
Wind projects in the United States are currently being developed in three 
distinct offshore regions: 


1. Outer continental shelf 
2. Offshore in various states’ waters 
3. The Great Lakes 


The outer continental shelf (OCS) is defined roughly as the area ranging 
from 3 nautical miles from a state’s coastline out to 200 nautical miles. The 
offshore area under state jurisdiction is within 3 nautical miles of the coast- 
line. However, Texas and the Gulf Coast of Florida have jurisdiction farther 
out into the coastal waters to approximately 10 miles. 
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The Great Lakes are located on the border between Canada and the United 
States. Both countries are considering installing offshore wind projects in the 
lakes. In the United States, adjacent states have jurisdiction up to the 
Canadian border, and certain federal regulatory statutes apply as well. The same 
is true of offshore wind projects being developed in state waters. 


Offshore Wind Potential 


The U.S. Department of Energy estimates that there are more than 4000 
gigawatts (GW) of offshore wind potential in the United States.' The ma- 
jority of development activity for offshore projects is taking place along the 
north and mid-Atlantic coasts and in the Great Lakes. More than 50 percent 
of the U.S. population is located along the coasts,” and America’s electricity 
demand is highest along the coast. 

In North America, onshore wind resources are generally greatest in the 
central portion of the country. Developing projects on the outer continental 
shelf reduces the need to run long transmission lines and incur electrical 
losses in order to provide clean and renewable power to the largest electric 
load centers. 


Permits for the Outer Continental Shelf 

The current path to obtaining permits was originally initiated in the federal 
Energy Policy Act of 2005 (EPAct 2005), which gave the U.S. Department 
of the Interior (DOJ) regulatory authority over offshore renewable energy pro- 
jects on the OCS. The Minerals Management Service (MMS) was designated as 
the agency within DOI responsible for crafting the regulations and leading the 
permitting process, which includes offering leases for offshore renewable energy 
projects. 

The MMS was subsequently reorganized and renamed the Bureau of 
Ocean Energy Management Regulation and Enforcement (BOEMRE).” 
The regulations were finalized in June of 2009. The existing regulations 
allow for competitive bidding on areas of the OCS that BOEMRE opens 
up to lease. 

In addition to a lease from BOEMRE, projects also need permission 
from additional federal agencies such as the U.S. Coast Guard, the Federal 


" www.nrel.gov/wind /pdfs/40745.pdf 
> http://oceanservice.noaa.gov/facts /population. html 


> Following the British Petroleum oil spill in April 2010, the Secretary of the Interior renamed and 
reorganized the MMS. 
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Aviation Administration (FAA), the Environmental Protection Agency 
(EPA), and others. In addition, if a project is built in federal waters, state 
and local regulations apply to the cable needed to bring the power ashore 
once it is within state boundaries. Permission must also be obtained from 
the regional transmission authority. 

The total permitting timeline currently is estimated to take more than 5 
years. However, support for the rapid development of offshore wind is very 
strong among the highest-ranking politicians. Renewable energy and green 
job creation are high priorities in the United States, and many stakeholders 
are working closely to streamline the permitting process and encourage the 
timely development of projects in U.S. waters. On November 23, 2010, the 
Secretary of the Interior, Ken Salazar, announced a new initiative intended 
to do just that by reducing the permitting timeline and by identifying pri- 
ority areas for offshore wind development. 


Obtaining Permits for State Waters 

Projects in state waters are not subject to the extensive regulations promul- 
gated by BOEMRE for projects on the OCS, making obtaining permits less 
complicated. However, each state has its own regulations, and the review 
process differs from state to state. In addition, several federal agencies have 
regulatory authority offshore even in state waters. Project proponents must 
work with the Army Corps of Engineers (ACOE), the Federal Aviation Ad- 
ministration, the U.S. Coast Guard (USCG), and other federal agencies be- 
fore building a project. 


Obtaining Permits for the Great Lakes 

Planned projects in the Great Lakes are still working through the permitting 
process, since the jurisdiction for the area is both state and federal. Multiple 
committees and groups have been formed that include wind farm owners, 
environmental nongovernmental organizations (NGOs), regulators, poten- 
tial power purchasers, and others to work out the process. 


Offshore Planning 


Both state and federal governments have taken steps to comprehen- 
sively review the offshore environment for the development of offshore 
wind. In some cases the goal has been to provide wind farm owners 
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with in put and opportunities to choose the least environmentally and 
socially conflicted areas. In other cases it has been done to speed up the en- 
vironmental review process for proposed projects by initiating the review as 
early as possible. 


Federal Planning 

The office of the President of the United States issued an Executive Order 
in June 2009 establishing an interagency Ocean Policy Task Force. The 
task force is providing recommendations on Marine Spatial Planning 
(MSP) for the U.S. offshore waters. According to the website for the MSP 
process: 


The Task Force defines coastal and marine spatial planning as a comprehensive, 
adaptive, integrated, ecosystem-based, and transparent spatial planning process, 
based on sound science, for analyzing current and anticipated uses of ocean, 
coastal, and Great Lakes areas. Coastal and marine spatial planning identifies 
areas most suitable for various types or classes of activities in order to reduce con- 
flicts among uses, reduce environmental impacts, facilitate compatible uses, and 
preserve critical ecosystem services to meet economic, environmental, security, and 
social objectives.” 


This process is going on concurrently with the development of offshore 
projects. 

Wind farm owners of projects are concerned, however, that the MSP 
process will impede and/or delay the development of offshore wind in 
the United States. As the cooperative efforts of the task force have been pro- 
ceeding, they are not expected to delay offshore wind development. 


State Planning 

States can play several roles in the development of an offshore wind project. 
They can be involved in providing financial incentives, they can be a potential 
customer for offtake or facilitate the offtake (discussed later) of a project, and 
they certainly have permitting authority over projects and/or transmission 
cables. Several states with the potential for projects in state and nearby federal 
waters have taken the initiative to comprehensively review the offshore region 
for potential environmental, socioeconomic, cultural, and navigation conflicts 
and to search for areas that would be conducive to the development of 
offshore wind. 


4 
www.msp.noaa.gov/ 
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agement Plan that addresses the potential for offshore wind development 
within the Commonwealth’s waters. The final plan was issued in December 


For example, Massachusetts developed the Massachusetts Ocean Man- 


2009 and states the following: 


offshore wind and plans for moving forward to develop potential offshore 


In response to public comments on the draft plan, as well as additional information 
brought to bear during the public review period, the final plan adds strong new pro- 
tections for critical marine life and habitats, identifies areas suitable for renewable 
energy development, and initiates a five-year program of high-priority research. 
The final plan includes stronger and more detailed siting and performance standards 
associated with important environmental resources and revised management pro- 
visions for regional planning authorities regarding wind energy development: 


The final plan identifies areas that have limited conflicts for developing 


projects in state waters. 


Another example is the Rhode Island Special Area Management Plan 
(SAMP). The SAMP is working toward designating offshore areas for spe- 


cific purposes. The plan states the following: 


process called an Ecological Baseline Study that provided environmental 


The major driver for the development of the Ocean SAMP was the determination by 
the Rhode Island Office of Energy Resources in 2007 that investment in offshore 
wind farms would be necessary to achieve Governor Donald Carcieri’s mandate 
that offshore wind resources provide 15 percent of the state’s electrical power 
by 2020. In response, the CRMC proposed the creation of a SAMP as a mechanism 
to develop a comprehensive management and regulatory tool that would 
proactively engage the public and provide policies and recommendations for 
appropriate siting of offshore renewable energy.° 


The state of New Jersey conducted a broad environmental review 


data for a large portion of its coast. The final study states: 


The dataset will be used by both wind farm owners and regulators to help site 


The objective of this study was to conduct baseline studies in waters off New 
Jersey’s coast to determine the current distribution and usage of this area by 
ecological resources. The goal was to provide GIS and digital, spatial, and temporal 
data on various species utilizing these offshore waters to assist in determining 
potential areas for offshore wind power development.” 


projects, as well as to assess the potential impacts of a project. 


5 


6 


> www.env.state.ma.us/eea/mop/final-v1/v1-text.pdf 


http://seagrant.gso.uri.edu/oceansamp /documents. html 


7 www.state.nj.us /dep /dsr/ocean-wind /vol1-cover-intro.pdf 
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Requests for Proposals 


One way in which states are involved in authorizing offshore wind projects is 
through a Request for Proposals (RFPs) process. States may issue RFPs for 
offshore wind projects, renewable energy projects, and/or energy-generation 
projects. An offshore wind project can obviously bid into any one of these. 
Several states have initiated an RFPs process that incorporates offshore wind, 
including Massachusetts, New York (both in the Atlantic Ocean and the 
Great Lakes), Rhode Island, Delaware, and New Jersey. 

If a project wins the RFPs, it may be granted permitting priority 
(although if the project is located on the OCS, it still needs to undergo 
the BOEMRE process to secure a lease); development rights if it is in state 
waters; or, most important, a long-term Power Purchase Agreement (PPA). 


Federal Permitting 


The permitting process itself can be lengthy. As just discussed, the current 
process for projects on the OCS may take more than 5 years. Projects in state 
waters may take somewhat less time, and projects in the Great Lakes may 
vary. With respect to the procedure itself, the permitting process involves 
distinct actions. Certain processes must be followed and permits must be 
obtained. For example, a comprehensive environmental review process will 
likely take place, and that process will need to be completed before an 
agency can issue a permit or authorization. 

The most detailed of the processes that must be completed is the one in 
the National Environmental Policy Act (NEPA). The NEPA process 
provides for a comprehensive review of all potential environmental and 
socioeconomic impacts. According to the EPA’s website: 


NEPA requires federal agencies to integrate environmental values into their 
decision-making processes by considering the environmental impacts of their 
proposed actions and reasonable alternatives to those actions.° 


Any federal agency making a decision can lead the NEPA process, and a 
NEPA process done for a single project can be used to inform multiple 
permit decisions by a number of agencies for that same project. 

All projects that need a federal permit (projects in state waters and the 
Great Lakes still need federal permits) are subject to NEPA. The scope of 
review for a NEPA process is broadly informed by comments received from 


8 . 
www.epa.gov/compliance/nepa/ 
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the public, regional stakeholders, and other agencies (i.e., federal, state, and 
local), as well as the lead agency. The result of this review is an Environmen- 
tal Impact Statement (EIS) produced by the lead agency. The EIS is first re- 
leased in draft form, and then once public comments are received and 
responded to, it is released in final form. 

Even though the NEPA process is the overriding one that drives the public 
interest review, other regulations are activated when pursuing a permit. Some 
of the more pertinent regulatory processes that need to be satisfied include: 


¢ Endangered Species Act 

¢ Rivers and Harbors Act 

* Clean Water Act 

* Clean Air Act 

¢ Marine Mammal Protection Act 

¢ National Historic Preservation Act 
* Coastal Zone Management Act 


The Endangered Species Act (ESA) requires review by species experts if 
an endangered species resides in the vicinity of the project. In the case of 
offshore wind projects, marine mammals and avian species are likely candi- 
dates for this additional review. The ESA review is administered by the 
agency responsible for the species (e.g., National Marine Fisheries Service 
[NMFS] in the case of endangered whales). 

The Rivers and Harbors Act is administered by the ACOE. The Army Corps 
of Engineers issues Section 10 permits for projects in the navigable waters. The 
ACOE also issues Section 404 permits under the Clean Water Act for any 
offshore dredging work. This may be necessary depending on the project’s 
installation methodology. The EPA must provide an air permit under the Clean 
Air Act for the operation of construction vessels. This is applicable to projects 
located on the OCS. If the project has the potential to harm marine mammals 
in any way, the project may need authorization under the Marine Mammal Pro- 
tection Act. 

The National Historic Preservation Act (NHPA) requires review of the 
visual impacts to historical locations onshore, potential historic locations off- 
shore such as shipwrecks, and any potential impacts to Native American 
concerns. Section 106 of the NHPA provides for a process by which stake- 
holders with an interest in historic preservation can work with the agency 
and project proponents to address concerns. 

The Coastal Zone Management Act (CZMA) allows states located 
adjacent to projects on the OCS to review projects for consistency with 
an approved state ocean management plan. 
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The Permitting Process 

Applicants who want to obtain a permit for a project on the OCS begin with 
the Bureau of Ocean Energy Management Regulation and Enforcement. 
BOEMRE has designed the process such that it engages a stakeholder group 
with nearby states before opening up areas for bid by wind farm owners. 
Once the stakeholder process is underway, BOEMRE issues a request for 
expression of interest (RFI) for a designated area offshore. 

Wind farm owners then submit a response to the issued RFI, and the 
agency will decide based on the content of the information submitted 
whether it will proceed with a competitive or noncompetitive leasing pro- 
cess. If it is a noncompetitive process, wind farm owners can proceed along 
the permitting track. Ifit isa competitive process, a wind farm owner will be 
chosen based on a bidding process. 

BOEMRE will take the lead on a NEPA review and will provide multiple 
approvals along the way, including approval of the Site Assessment Plan (SAP) 
and the Construction and Operations Plan (COP), and will furnish the applicant 
a lease allowing for the exclusive rights to the proposed project area. 

When a lease is issued, the lessee is required to start paying rental fees, and 
once the project is up and running, the owner will pay lease fees (royalties) to 
the federal government. A percentage of the lease fees is shared with the 
adjacent state. 

In addition to the preceding federal approvals, a project must receive per- 
mission from the Federal Aviation Administration, which will look into the 
impact of air flight navigation paths and provide a “No Hazard” determina- 
tion, as well as approve or modify any existing lighting plans. The U.S. Coast 
Guard also must approve sea navigation safety equipment and markings. The 
USCG may be more involved in the review process if there are siting and 
navigation concerns. 

The agencies permitting offshore projects will prescribe mitigation as 
part of final permitting decisions or as input to the lead agency. Mitigation 
for avian species, marine mammals, fisheries, and other resource areas are 
likely to be imposed. 


State, Regional, and Local Permitting 


Every project will encounter a variety of regulations as each attempts to con- 
nect the project through to the shore and into the upland area to ultimately 
connect to the electric grid. For projects on the OCS, once the cabling 
enters state waters, the required permits are expected to address permission 
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to install and disturb subsea sediments per the Clean Water Act, permission 
to access tidelands, potential impacts to commercial or recreational shellfish 
operations, road access, upland and offshore wetland impacts, and a process 
to site energy transmission lines. These issues will be addressed by state per- 
mitting authorities as well as local ones. The processes vary from state to 
state. Project proponents likely need to go before state and local permitting 
boards for project approval. 

In addition, the regional transmission authority needs to approve the 
interconnection. This review ensures that the power supply is able to be 
accepted by the electric grid. This process may result in an Interconnection 
Agreement. 


Stakeholder Outreach 


Project proponents, as well as states that support offshore wind, are engaging 
heavily in community and stakeholder outreach. Because the offshore wind 
industry is relatively new to coastal U.S. communities, education is a key 
part of the development process. Almost every step of the permitting process 
allows for public input, and stakeholders largely drive the content and scope 
of the NEPA process. Therefore, it is imperative that the public understand 
the general parameters of the proposed project and are provided with oppor- 
tunities to learn about it and to ask questions. 


THE UNITED KINGDOM 


The United Kingdom maintains the largest market for offshore wind energy 
in the world. In July 2011, there was more than 1.3 GW of installed capacity 
in 15 operational wind farms, with nearly an additional 6 GW under construc- 
tion, awaiting construction, orin planning.’ The existing wind farms are located 
in the North Sea, the Irish Sea, and Scottish territorial waters. 


Offshore Wind Potential 


The United Kingdom has indicated offshore wind development will be an 
important resource to meet the country’s target to have 15 percent renew- 
able energy by 2020. The target originates from the 2009 Renewable 
Energy Directive of the European Union.'” That directive established 


° United Kingdom Department of Energy and Climate Change. UK Renewable Energy Roadmap. July 
2011. 


'° Directive 2009/28/EC of the European Parliament and of the Council of 23 April, 2009. 
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renewable energy requirements for each member country based on a num- 
ber of factors, including existing renewable generation and gross domestic 
production. The overall objective is for the European Union to secure at 
least 20 percent of its total energy from renewable energy sources by 2020. 

Growth estimates in the United Kingdom anticipate adding another 10 
to 26 GW of installed offshore wind capacity by 2020.'' Over a longer time 
horizon, the United Kingdom could deploy more than 40 GW of offshore 
wind capacity by 2030—providing enough capacity to power the equivalent 
of all the homes in the country.'” 


Offshore Planning 


In 2001, European Union member countries were required to establish laws, 
regulations, and administrative provisions to ensure that strategic environ- 
mental assessments (SEAs) are conducted to be sure that environmental pro- 
tection is considered as a part of government plans or programs, such as 
offshore wind energy development.'’ SEAs require governments to include 
the following details: 


* An outline of the contents or main objectives of the plan or program and 
its relationship with other relevant plans and programs. 

* The relevant aspects of the current state of the environment and the 
likely evolution thereof without implementation of the plan or program. 

* The environmental characteristics of areas likely to be significantly 
affected. 

* Any existing environmental problems that are relevant to the plan or 
program including, in particular, those relating to any areas of a specific 
environmental importance, such as areas designated pursuant to Direc- 
tives 79/409/EEC and 92/43/EEC (the Birds and Habitats Directives). 

* The environmental protection objectives established at international, 
community, or member state level that are relevant to the plan or pro- 
gram and the way those objectives and any environmental considerations 
have been taken into account during its preparation. 

* The likely significant effects on the environment, including issues such as 
biodiversity, population, human health, fauna, flora, soil, water, air, cli- 
matic factors, material assets, cultural heritage including architectural and 


'’ UK Renewable Energy Roadmap. 


"2 UK Renewable Energy Roadmap. 
'S Directive 2001/42/EC of the European Parliament and of the Council of 27 June 2001. 
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archaeological heritage, landscape, and the interrelationship between the 
preceding factors. 

* The measures envisaged to prevent, reduce, and, as fully as possible, off- 
set any significant adverse effects on the environment of implementing 
the plan or program. 

* An outline of the reasons for selecting the alternatives dealt with and a 
description of how the assessment was undertaken, including any diffi- 
culties (e.g., technical deficiencies or lack of know-how) encountered in 
compiling the required information. 

* A description of the measures envisaged concerning monitoring. 

¢ A nontechnical summary of the information provided under the other 
items in this list.'* 


Early offshore wind projects in the United Kingdom included a series of 
demonstration projects, known as Round 1, and limited development, 
known as Round 2, which required an SEA and was limited to three stra- 
tegic areas: the Greater Wash, the Thames Estuary, and Liverpool Bay. In 
2007, the then Department for Business, Enterprise and Regulatory Reform 
initiated an SEA of U.K. waters to open up the seas to up to 33 GW of off- 
shore wind energy. This SEA ultimately authorized The Crown Estate to 
initiate Round 3 of offshore wind leases. 


Offshore Leasing 


The Crown Estate is the corporate body, reporting to Parliament, that man- 
ages the property portfolio owned by the monarch as part of the hereditary 
possessions of the Crown. The Crown Estate is one of the largest property 
owners in the United Kingdom. The marine portion of the portfolio in- 
cludes virtually the entire U.K. seabed out to the 12 NM territorial limit 
and rights to generate renewable energy on the U.K. Continental Shelf, 
which extends up to 200 miles from the coast. 

Consequently, The Crown Estate solicits and manages offshore wind 
leases in the United Kingdom. It identified nine development zones 
for Round 3 of offshore wind leases. Each zone will be managed by a 
single development partner—either a company or consortium—that will 
oversee development of the zone. The nine partners were announced in 
January 2010. 


4 yww.offshore-sea.org.uk/site/scri ts /documents_info. php ?documentID=5 &pageNumber=2 
Ig Ip yo. pip pag 
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Permitting and Consenting 


Once leases have been established with The Crown Estate, an offshore wind 
project must proceed with permitting and consenting. The primary agency 
responsible for that will be the Marine Management Organisation (MMO) 
or the Infrastructure Planning Commission (IPC). The appropriate agency 
will be determined based on the total capacity of the offshore wind farm. 
The MMO is responsible for the permitting and consenting of offshore 
wind facilities that are of 1- to 100-MW capacity. The agency consents 
these, among other marine construction activities, under a new marine 
licensing system that is part of the Marine Coastal Act of 2009, which started 
in April 2011. Marine license applicants will be subject to review under the 
Habitats Regulations’? and Water Framework Directive'® and may be 
required to conduct an environmental impact assessment.'’ The MMO 
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encourages applicants to consult with the agency during the preapplication 
process if additional assessments are anticipated. 

The IPC is the independent body that provides a streamlined examina- 
tion of applications for nationally significant infrastructure projects, includ- 
ing offshore wind projects with a capacity of more than 100 MW. The 
application process begins with preapplication, which involves a developer 
signaling an intent to file an application with the IPC. During the 
preapplication stage, an offshore wind project is added to the Programme 
of Projects and the developer must consult with relevant local and regulatory 
authorities. In addition, the developer may request a screening opinion, 
which would identify information required in an environmental impact 
statement. 

Once a full application is submitted, the IPC has 28 days from the day 
after receipt to decide whether or not to accept it for examination. If ac- 
cepted, the application enters the pre-examination phase, a three-month 
process during which application acceptance must be publically announced 
and open for review. The IPC then conducts the six-month examination 
phase. This stage engages stakeholders who requested to register their view 
during the pre-examination phase. The final approval of a project is decided 


'S Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats and of wild 
fauna and flora. 


'© Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000 esta- 
blishing a framework for Community action in the field of water policy. 


'” Council Directive 85/337/EEC of 27 June 1985 on the assessment of the effects of certain public and 
private projects on the environment. 
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by the IPC or relevant Secretary of State in the absence of National Policy 
Statement. 

The IPC was originally established in October 2009 under the Planning 
Act of 2008. Following the General Election of May 2010, the Coalition 
Government’s intention is to alter the infrastructure consenting process 
through a Decentralisation and Localism Bill. It is expected that the changes 
will retain the main elements of the streamlined process while improving 
democratic accountability. 


Additional Industry Support 


The U.K. government intends to provide additional resources to support the 
development of offshore wind industry projects. In the UK Renewable Energy 
Roadmap, published by the Department of Energy and Climate Change in 
July 2011, the government noted that there is a priority to establish 


... an Industry Task Force to set out a path action plan to reduce the costs of 
offshore wind, from development, construction, and operations to £100/MWh 
by 2020. This will be supported by up to £30m, subject to value-for-money assess- 
ment, to foster collaboration between technology developers and support innova- 
tion in the production of components over the next 4 years. This builds on existing 
support to increase the rate of innovation and develop the supply chain.'® 


GERMANY 


Offshore Wind Potential 


Germany has a growing offshore wind industry, claiming 108 MW of 
installed capacity at the end of 2010. With dozens of projects permitted 
or planned, this figure is expected to grow to 3000 MW by 2015.'? Offshore 
wind projects are being constructed in the territorial sea, extending 12 NM 
from shore, and the exclusive economic zone (EEZ) in the North Sea and 
the Baltic Sea. 

Offshore wind development in these regions is attractive because the seas 
are shallow and close to urban populations. In addition, the electricity costs 
in northwestern Europe are high in comparison to other international mar- 
kets, allowing offshore wind to become competitive more quickly than in 
other European markets. The region also has extensive onshore wind 


'S UK Renewable Energy Roadmap. 
1 Global Wind Energy Council (www.gwec.net/index.php?id=129). 
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development, thereby limiting the number of remaining onshore wind 
opportunities. 

Similar to the United Kingdom, Germany has renewable energy targets 
originating from the 2009 Renewable Energy Directive of the European 
Union. The country’s target is to reach 18 percent of consumption from re- 
newable resources by 2020.~” In 2011, Germany established higher national 
renewable energy targets following the nuclear accident at the Fukushima 
nuclear power plant in Japan. Regularly scheduled revisions to the Renew- 
able Energy Sources Act, known as the Erneuerbare-Energien-Gesetz (EEG) in 
German, call for a full departure from nuclear power by 2022 and the estab- 
lishment of aggressive renewable energy requirements. Under the revisions, 
the country must produce at least 35 percent from renewable resources by 
2020, 50 percent from renewables by 2030, 65 percent from renewables by 
2040, and 80 percent from renewables by 2050. 


Governmental Permitting 


The German government provides permitting oversight for offshore wind 
projects located in the exclusive economic zone with authority assigned 
to the Federal Maritime and Hydrographic Agency, known as Bundesamt 
ftir Seeschifffahrt und Hydrographie (BSH) in German. Permitting is conducted 
in accordance with the Federal Maritime Responsibilities Act and the 
Marine Facilities Ordinance. 

An offshore wind facility can be approved provided the project does not 
impair the safety and efficiency of navigation and that it is not detrimental to 
the marine environment. In accordance with the Marine Facilities Ordi- 
nance, the regional Waterways and Shipping Directorate must grant consent 
and confirm that an offshore wind facility does not impair navigation safety 
and efficiency. Environmental impacts are considered by the BSH, with 
projects consisting of more than 20 turbines requiring an environmental 
impact assessment based on the Environmental Impact Assessment Act. 

Throughout the application process, the BSH holds conferences and 
hearings that provide interested stakeholders and the public with an oppor- 
tunity to become informed about the project and provide comment. In 
addition, the BSH collaborates early in the process with those German 
coastal states that are responsible for approving any electric cables laid in 
the territorial sea. 


°° Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009. 
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In the event applications are received for the same location, the Marine 
Facilities Ordinance directs the BSH to consider approval of the application 
that first meets all the application requirements. An application is considered 
to meet all application requirements when all documents needed for the 
decision are available to the agency. 


State Permitting 


Applications for the wind farms permits within the territorial sea extending 
into the 12-NM zone from the shore are submitted to the German coastal states 
of Lower Saxony, Schleswig-Holstein, and Mecklenburg-Vorpommern. 
These states also give permits for underground electrical cables traveling from 
offshore wind farms in the EEZ to mainland grid access points. 


Offshore Wind Standing Committee 


The Offshore Wind Standing Committee of the federal government and the 
coastal Lander (StAO Wind) was set up to coordinate the offshore wind 
approvals procedures for those projects that can extend from the EEZ to 
the coastal states. StAOQWind brings together the states of Schleswig- 
Holstein, Lower Saxony, Mecklenburg-Vorpommem, and Bremen; the 
Federal Ministry for the Environment, Nature Conservation and Nuclear 
Safety, the Federal Ministry of Economics and Technology, and the Federal 
Maritime and Hydrographic Agency (BSH). The German Energy Agency is 
responsible for the management of this committee, which has been meeting 
regularly since 2002. 


OTHER SIGNIFICANT OFFSHORE WIND MARKETS 


Denmark, the Netherlands, and Sweden also have significant offshore wind 
installations already in place, with increasing scale-up planned for the next 
several years. These efforts’ intents are to reach established 2020 EU energy 
efficiency and carbon reduction goals. Denmark’s efforts, in particular, to 
streamline the permitting process by minimizing the trials needed to obtain 
sign-off have been a great boon to the development of offshore wind in that 
region. The average time needed to register and apply for permits there is 
significantly shorter than it is in other EU member states, where it can take 
as long as five or seven years to navigate the process. 

Additionally, France, Spain, Norway, and Belgium all have plans to enter 
the global offshore wind market in a meaningful way over the next decade. 
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Efforts are underway to establish an overarching EU policy governing off- 
shore wind, but as might be expected, this will likely take some years to 
achieve. Therefore, permitting and governance guidelines, which currently 
vary widely from country to country, are likely to continue to do so for the 
immediate future. 

While offshore wind is being explored in emerging markets, such as 
China and Japan, permitting has not been as thorny an issue in that area 
of the world as it has proved to be in Europe and the United States. 

It should be noted that entire volumes could be dedicated to the finer 
points of offshore wind permitting across the globe. This book does not 
aim to undertake that work, which would be impossible to achieve within 
the context of this much broader discussion of offshore wind as a holistic 
endeavor. Readers interested in granular detail regarding offshore wind per- 
mitting for a particular region are encouraged to consult resources specific to 
the area under consideration; often such information can be obtained by 
contacting a local or regional wind power organization. 
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Placing a monopile in the pile guide prior to driving it into the seabed. The com- 
ponents are all big, heavy, and difficult to handle. This makes the job of installing 
both interesting, challenging, and—if inexperienced—dangerous. 
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Placing the transition piece after driving the monopile foundation offshore. 


CHAPTER THREE 


Project Planning 


It is clear that in order to carry out the task of installing an offshore wind farm 
with all of the different and complex parts involved, it is necessary to plan the 
entire project from start to finish. This is a very comprehensive and complex 
process to engage in. The planning of the project starts with an outline of 
what is to be done, when, how, and by whom. This will take place in a sim- 
ple top-down manner so as to divide the project into manageable pieces for 
the various departments and stakeholders in a company wishing to install an 
offshore wind farm. 

Items such as site locating, permitting of the wind farm, due diligence of 
the project in terms of yield and earnings, budgeting, pricing, and tendering, 
the individual packages as well as the actual project management (PM) of the 
work packages if and when the farm is built, are all important issues that have 
to be dealt with to make a project happen. This logically incorporates a num- 
ber of tasks to be delegated, and the allocation of resources must be consid- 
ered and carried out. This is crucial to the successful planning and execution 
of any offshore wind farm. 


PROJECT STRATEGY OUTLINE 


When starting a project from scratch, it is necessary to decide which strategy 
should be pursued to deliver the wind farm on time, at cost, and with zero 
incidents. The idea is for the owner to outline a number of basic principles 
that must be followed and that should fit the organization and the “usual” 
strategy for project development and execution of the wind farm. 

The importance of outlining the basic strategy cannot be underesti- 
mated. If a decision that was made in the early stages turns out to be im- 
practical, or just plain wrong, the entire project from start to finish will 
suffer. The basic rule of 20/80 applies: 20 percent of the decisions made 
in the beginning will affect 80 percent of the outcome in the end, and vice 
versa. Therefore, an extensive effort should be put into outlining the project 
strategy. The following sections discuss some critical issues and how to 
handle them. 
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Organization 


Is an internal organization already in place? Or must the entire staff be 
located and bought in? Will the initial organization be a mix of both? 
The differences are large, and the consequences of all three alternatives 
can have a huge impact on the outcome. 

Although we discuss the organization a little later in the book, a few 
points have to be made at this stage concerning the maturity of the organi- 
zation and whether it is internal or external. If there is an internal organiza- 
tion, what are the competencies that this organization possesses? What is 
missing in order to carry out the project? Will the personnel and other re- 
sources be hired or bought in as a subcontractor supply? 

Ifit is the first project the organization is undertaking, these questions are 
very relevant. The offshore installation of a wind farm is different from any 
other offshore projects that take place today. The planning must be devel- 
oped for a production-line type of work. You install the foundations, the 
scour protection, the cables, the substation, and finally the turbines. This 
is a project that can last up to two years from the time you start until the 
time the project is handed over to the owner. 

A large number of skills are required at specific points, and therefore your 
organization must be geared to solving the various tasks connected to the 
single item that is to be performed. As an example, it is necessary to employ 
experts in foundation design and calculations to develop a cost-effective 
foundation solution. However, foundation design is influenced by issues 
such as the following components. 


Metocean Conditions 

How big are the waves? What is the predominant direction of the maximum 
return wave? This requires a specialist in hydrology, which is a position that 
most companies do not have on their list of employees. Therefore, you may 
have to hire someone with this specific skill or indeed outsource the entire 
design process. 


Seabed Conditions 

Whether you are dealing with a soft or hard subsurface determines the pene- 
tration depth of, for example, a monopile in order for it to be stable. However, 
the hydrologist must be consulted again about this issue because the seabed 
current will determine whether scour protection is necessary, and if it is, 
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it must be decided how far-reaching the scour protection must be. What in- 
fluence does this have on the behavior of the monopile? 


The Turbine 

What are the size and the behavior of the turbine on the foundation? What 
are the eigen frequencies and the forces and bending moments induced on 
the foundation? The size and impact of the turbine will influence the design 
of the foundation dramatically. And this again influences the type of foun- 
dation required for a specific set of seabed conditions. 

On top of this, the forces, bending moments, and frequencies of the 
turbine are either enhanced or, in some areas, dampened by the metocean 
conditions where the turbine is to be installed. Again, this will affect the 
design of the foundation. Therefore, the process is an iterative research 
one in order to find the optimum solution, and revisiting of many single 
components in the entire scope of work is necessary before the best fit 
for a foundation will be found. 

So, as you can see in the preceding, a number of other components in- 
fluence the design of a turbine foundation. Furthermore, it is possible for 
several different types of foundations to be used on the same site, and this 
again is a factor that must be considered. It is also important to note that 
different types of foundations are developed for a variety of sites, but that 
there is no best-fit foundation for all sites. This makes the process more time 
and cost consuming, even though the various believers in the different types 
of foundations will try to persuade you to use their particular type. We will 
return to this topic later. 


Health, Safety, and Environmental Compliance 

with Permitting 

The permit to install an offshore wind farm is always accompanied with a set 
of health, safety, and environmental (HSE) conditions, which can be sub- 
stantial and very strict. Therefore, it is important at an early stage to deter- 
mine personnel requirements in order to develop the entire solution that 
must be compliant with the permitting text. 

The main focus, of course, is to ensure that everyone involved in the 
project can do his or her job safely and without any impact on the environ- 
ment. Therefore, the HSE system development is important. The HSE work 
starts with outlining the rules and regulations of the country where the 
project is to be executed. It is important to notice that the permit will contain 
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a set of conditions that are additional requirements to be met outside of the 
rules and regulations of the country in which the project is located. 
Normally, the HSE planning starts at the beginning phase. The client 
will request documentation of the compliance with the permitting text 
and will require proof of the presence of an HSE system and its general lay- 
out. The documentation required for the beginning phase is as follows: 


* Actual status of the system—meaning documents showing an updated 
version of the HSE plan. Verification by relevant authorities of the 
system and the latest certificates, if applicable, are required. 

¢ A record of lost time incidents (LTT) over the last three years per million 
work hours is the normal standard for documentation of the actual quality 
of the HSE operation in a company. A high number of LTIs indicates at 
first glance that the work procedures and the running of operations are han- 
dled poorly. A steady decline—even from a high number—demonstrates 
an increasing awareness and a well-functioning HSE operation. Finally, a 
steady and slowly declining number from a very small offset will indicate 
that the organization is taking security very seriously. 


The client must make sure all contractors and suppliers have the newly 
established ISO 18000 for health and safety and the ISO 14000 for the 
environment. This is the minimum requirement for contractors should 
they want to bid on any project, service, or supply of goods. Being aware 
of these regulations in the wind industry in general, and in the offshore wind 
industry in particular, is critical; the importance of both standards should not 
be underestimated. They supply the basics for all operations when going 
offshore. 

Often, the contractor and the client/owner for an onshore project estab- 
lish that if the most inexpensive component—whether goods or services—is 
acceptable, then the entire project will use the lowest-priced materials and 
will still be able to deliver an acceptable standard. This practice is at best a big 
mistake in the onshore construction business and extremely dangerous in the 
offshore industry. 

We will return to this subject in Chapter 7, Interface Management. For 
now, we should think about whether the least expensive acceptable compo- 


” 


nent for, say, firefighting onboard a jack-up is “good enough” ina dangerous 
situation. Perhaps you would rather have a high-quality component 
that never breaks down so that you can worry about other issues instead 


of whether the equipment is going to work. 
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As just mentioned, the HSE systems should be considered very carefully. 
It should also be noted that they address two separate issues: health and safety 
and the environment. Thus, it makes sense to separate these two issues in the 
organization. Previously, the HSE systems were staff functions, so to save 
costs on these types of functions, they were assigned to one employee. It 
is very important to understand that the work offshore regarding health, 
safety, and environmental issues is significantly more important than 
onshore. 

This is not to say that onshore should be taken lightly, but the consequences 
of errors and the distance from incident to total loss are very minor if something 
goes wrong offshore, whereas onshore it is at least possible to create a distance 
and escape route if anything goes terribly wrong. The HSE work should 
therefore also be carried out offshore observing the following criteria: 


¢ The positions in the company should be line functions, not staff. 

* The work should be carried out as two independent positions. 

* The coordination among health, safety, and environmental team mem- 
bers, QA/QC, and project management must be very tight, and infor- 
mation must flow freely among all functions. 

These reasons take into consideration all of the rules and regulations that 

govern the work on ships, on barges, and in ports. 

Health and safety reviews should be performed to the ISO Standard 
18001 in order for the project organization to prepare the operations off- 
shore and onshore. By systematically using ISO 18001, it is possible to im- 
plement, monitor, correct, and record all of the work that is going on in the 
project. It is also possible to communicate between all suppliers, contractors, 
clients, and authorities, even though the individual stakeholders may be 
from different countries. 

The method of issuing and implementing the HSE system is also easier 
when the same system is applied. For various contractors and suppliers, it be- 
comes very straightforward to deliver work, document safety records, and so on. 

Environmental monitoring is done in compliance with ISO Standard 
14001. The same principle applies for the environmental monitoring as 
for the health and safety work. The same benefits—that everyone under- 
stands and works according to the same principles—make sense because a 
common system governs all of the contractors, clients, and authorities. 

So what is the common rule for environmental monitoring? The reason 
for this particular area of documentation is to make sure all processes and 
materials are done and handled in an environmentally safe manner. There 
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is, of course, no logic in delivering safe renewable energy offshore if we 
mess up the environment we are working in while we are doing that. Thus, 
everything we do, install, bring, or consume during the process must be 
accounted for and be delivered in a manner that does no harm to the 
environment. 

One example is when vessels are installed, including the processes and 
the materials brought in, assembled, installed, and consumed while doing 
the installation. The consumption of fuel by the balance of plant (BOP) 1s 
accounted for and calculated. The correct way is, of course, to use the least 
possible amount of fuel, lubricants, and so forth to install a megawatt of 
power offshore. 

Furthermore, the principle of zero discharge applies. For example, in Ger- 
man waters, everything that does not stay fixed to the foundation must go 
back to shore, whether it be cardboard boxes, ballast, or gray water from 
the vessels. All of it must be delivered in port to a processing facility to be 
processed into manageable liquids or solids in a proper manner. Every 
kilogram of component packaging is to be accounted for before and after 
transport and installation offshore in order to secure that the entire amount 
of surplus material is brought back and discarded properly. 

Even the onshore manufacturing processes are to be accounted for; this is 
unique in the sense that a “normal” production plant will have a system for 
discharging and processing waste but not necessarily a detailed plan for the 
actual number, composition, and processing of the various materials and 
liquids to be managed. In this way, the offshore wind industry imposes very 
high standards of engagement to use. If not requested by the authorities, the 
wind farm owner and the contractors normally request that a “better-than- 
average” philosophy be implemented throughout the organization and the 
entire construction setup. This is quite unique compared to an onshore 
construction site. 


THE PROJECT EXECUTION PLAN 


One of my favorite quotes from film is from Hannibal, the leader of the 
A-Team, who always said, “I love it when a plan comes together!” 
I always admired how the team looked at a problem and almost always 
decided it could be solved with a lot of explosives, welding together some 
steel plate, and a good beating inflicted on the bad guys. But the essence of 
the statement is that for every problem there is a solution. 
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The differences between the A-Team and the offshore wind farm project 
management team are, however, that we can neither use explosives nor beat 
up the customer (although I am sure there have been times when somebody 
wanted to do that out of frustration). That is another subject completely and 
certainly not covered by this book. 

The offshore wind farm project will, however, have a natural flow of 
tasks that must be carried out consecutively if the project is to be 
successful. If all of the individual tasks follow the plan and are successfully 
carried out, you can hear Hannibal whisper those famous words in your ear. 

The project execution plan is therefore the most important set of 
documents in the entire project planning phase. It determines whether the 
cost will be optimal and whether the program will be possible to realize during 
the construction phase. The project execution plan is the script of how the 
wind farm project is to be orchestrated from the delivery of the single com- 
ponent to the staging port, to the final handover of the entire wind farm. 

The plan must therefore cover all aspects of the project, beginning with 
the permitting process. The project execution plan is a road map of sorts that 
lists all the tasks involved in the project, from environmental impact state- 
ments, stakeholder processes, offshore wind and geomapping of the site, the 
specific measures taken to protect the environment, what will be done to 
protect neighbors from emissions of all kinds, right up to the actual set of 
permits that must be obtained before construction can begin. 

The process is lengthy, and often the final permits are given just prior to 
release of the tender documents and, in some cases, only after a tendering 
process for the entire scope of the offshore work has taken place. This is, 
of course, not ideal, but the nature of the industry is that because this is a 
relatively new market for almost all stakeholders and suppliers, the process 
is not yet set in stone and therefore variations do occur. In fact, the process of 
applying for a permit to install a wind farm varies from country to country, 
and thus the owner and/or developer will have to apply a new set of laws— 
in effect a new game plan—for each country in which an offshore wind farm 
is planned. 

The project execution map also must contain the overall construction 
plan. But since we have just seen that this part of the plan may actually 
be firm only when the final tender has been completed, this, of course, 
comes with some degree of uncertainty. Also, since some of the offshore 
wind farm projects come with equity and bank financing, this is undesirable. 

Financiers—whether banks, investors, or both—want a project that has 
very little financial or technical risk. Frankly, the best project to invest in is 
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the one that is already built and has been operating for 20 years. At least, 
this is how the individuals who are going to be financing the project look 
at it. People who have made money know that the worst thing that can 
happen is that they invest in something and the investment loses money. 
Therefore, anyone who receives taxed investment funds will be very reluc- 
tant to release funds again and certainly not if there is a perceived risk of 
losing that money. 

Therefore, to get a nonrecourse financing portfolio, the project owner 
must de-risk the entire process to as close to the absolute freezing point as 
possible. But the uncertainty of the installation of the wind farm is a major 
concern. And if the project execution plan does not give certainty of the 
BOP and the building permit is not firm on points like this either, it will 
become very difficult to finance the wind farm. 

This is therefore a challenge that the owner or developer must overcome, 
and to do so, he or she will try to provide as many details as possible about the 
manufacture of the wind farm components—whether turbines, foundations, 
cables, substation, export cable to the shore connection, SCADA system 
for monitoring and surveillance, and so on—to secure the program and 
thereby financing. So the project execution plan will specify the building 
program, the BOP involved, and the sequence of the events that will happen; 
for example, the turbines will be manufactured, delivered to a specified port, 
transported, installed, hooked up, and finally commissioned. 

This can seem to be like a jigsaw puzzle, and to get the pieces to fit to- 
gether, the owner or developer will start the dialogue with all possible stake- 
holders in the project at a very early stage to determine whether the 
components and services for the program can be obtained. This process takes 
several years, and in the meantime the owner or developer and a team will 
revisit the plan many times to adjust it as necessary. This is an iterative 
process in itself. Here is an example. 


eo 
Sample Project Execution Plan 

Assume that a project lease is given by the crown estate in 2006 to allow a developer to install 
a 200-megawatt (MW) wind farm offshore of the British east coast. The owner is, of course, 
delighted to have the seabed lease and the permit to harvest the wind and sell it to consumers 
as green environmentally friendly power through the electrical outlets in their homes. How- 
ever, once the initial euphoria has evaporated, he discovers the following: 


e The seabed is not as firm as was thought, and he needs much longer monopiles to get a 
sensible foundation. 
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° The metocean data are such that he needs a very long installation period in order 
to be able to install the foundations, cables, and turbines due to the fact 
that only poor equipment is available in the market where he intends to install 
in 2008. 

e The biggest available turbine in the market is “only” 3 MW, and this in the end means 

that the internal rate of return (IRR) on his investment is less than 10 percent over 

20 years. 

e The banks and investors are therefore only remotely interested in the project, but they 
want a final investment business plan to help them make up their minds. 


So, armed with the sad news, the developer begins his initial planning. He intends to use 
the new 5-MW turbine that Joe Bloggs Wind Turbines is developing because he can only 
deliver the IRR that attracts investors by using that turbine. But this turbine is not proven 
yet, and therefore the bar gets raised by investors immediately. So the IRR is now right, 
but the risk-teething problems with the turbine are higher, and we all know what that 
means. (Vestas had to take down 80 turbines on the Horns Rev project to repair them 
onshore and put them back up. That was very costly indeed.) 

To add insult to injury, the marginal installation equipment available on the market cannot 
lift the Joe Bloggs turbine because it is too heavy and needs to be lifted higher than the exis- 
ting 3-MW machines due to the larger rotor. The investors are not happy because this is yet 
another risk. But time flies, and two years later the first Joe Bloggs turbines are spinning 
onshore on a demonstrator project. Now the developer has de-risked the project to some 
extent, but the issue of installing the project offshore with the available equipment still pre- 
vails. So, to get rid of this problem, the developer decides to hire a prospective contractor 
who can build such a vessel. 

Problem solved—except now there are the problems of delivering the vessel on time 
and financing it (which, by the way, at some point was as expensive as a 100-MW offshore 
wind farm). However, other projects are interested in hiring the vessel as well, so it is finally 
built. The project is now de-risked to an extent that all of the main project execution plan 
components are reasonably firm, and the IRR is now well over the magical 10 percent. The 
project can finally be planned and built! 


This is, of course, only a very basic example, but nonetheless it does de- 
scribe the development in the industry over the first ten years of commercial 
installation of offshore wind farms. 

Components, such as higher feed-in tariffs and incentives, are also issues 
that can make a marginal project attractive over time. However, projects 
have been canceled for reasons such as poor ground conditions. So size 
and IRR are not the only showstoppers. 

But let us get back to the project execution plan. The detailed version of 
the preceding statements is, of course, far more complicated than what we 
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just saw. Project execution is a process that can last several years, from the 
firs’ components being manufactured in individual production plants to 
when the final components must be hooked up to the grid and taken over 
by the client. 

Several main tasks have to be considered when developing the project 
execution plan. The main events that determine which phase the project 
is moving into or leaving have to be determined. The reason is that most 
of those events will trigger a set of milestones that normally constitute at least 
two important issues—namely, the handover of responsibility and payment 
for work rendered. 

For any company working in the construction industry, this is very im- 
portant since these events also mark the release of both warranty and bonds 
accordingly. It is also very important for the developer. Releasing warranties 
or bonds too early puts the developer at risk when errors, breakdowns, or 
damages occur. 

So what constitutes a project execution plan? Here are the main 
items: 


¢ The permitting process, where several milestones have to be achieved and 
passed; for example, the environmental impact statement, the geotechnical 
examination, the wind and metocean data gathering and processing, and 
the preparation of the park layout and main parameters. 

¢ The financing of the wind farm. The power purchase agreement with 
the utility company—wherein the feed-in tariff and the agreement on 
number of terawatt hours to be purchased is determined—is included. 
In addition, of course, a financial closing date is determined in which 
the financial structure and agreement to invest the money into the wind 
farm is stated. 

¢ The tender process for purchase of the components. 

¢ The tender process for the BOP to be used for the installation. 

¢ The start of production of the many components to be installed and the 
delivery date and place for all of them. 

¢ The setup of the construction site. 

¢ The actual transport of the components and installation of same. 

¢ The hooking up and commissioning of the wind turbines. 

¢ The handover to the client after the trial period of production. 


Under each of these items, however, several subactivities are also carried out. 
The following sections describe the individual phases of the project. 
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START OF PRODUCTION 


The start of production of the foundations, turbines, cables, substation—if 
applicable—and all other hard as well as soft goods and services that go into 
the offshore wind farm is initiated by the main project milestone: the contract 
being awarded to the suppliers of the preceding items. 

Production can start as early as two or three years before installation of the 
final components and commissioning of the wind farm, and this will become 
more common in the future since offshore wind farms are becoming very 
large, with multimegawatt installation programs over several years in order 
to deliver a complete site. For example, the Forewind project on the Doggers 
Bank is 9 gigawatts. This project would have been impossible to install in only 
one or two seasons, simply because the size and number of units required are 
larger than the annual production and installation capability of the suppliers. 

The start of production is the natural extension of contract negotiations and 
the award by the client and the possible suppliers. This is also a process that can 
last for an extended period of time due to the size and complexity of projects. 
The overall duration of project preparation, combined with the lengthy permit- 
ting process and environmental monitoring, as mentioned earlier, will therefore 
make the actual project take at least half'a decade under normal circumstances. 

But in the project execution plan, the first and most important items for 
this part of the process are the production dates from start via delivery to 
finish, the arrival of raw materials or components to be built into the final 
product, the duration of the fabrication processes, and the monitoring 
(HSE and QC of the actual production). 

Documentation of these events also serve as fix points for all the processes 
to be carried out afterward when the components are delivered for transport 
and installation. Therefore, strict accuracy in determining when a raw mate- 
rial—say, steel—can be expected in the process for milling a monopile foun- 
dation is crucial to the project. This is because the manufacturing activity is 
already known down to the number of hours it takes to weld the plate into 
cans, which are then welded into tubes. 

By knowing the process this thoroughly, the manufacturers of monopiles 
can give project managers an exact timetable for delivery Ex Works (.e., a 
place of delivery and passing of risk) for a specific number of monopiles and 
provide details about the speed and size of transport vehicles and how many 
vehicles will be used to make transport efficient and to keep the production 
line running. 
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This summarizes a “just-in-time” (JIT) manufacturing principle, but the 
problem is that the capacity is fairly low. For example, a plant can only pro- 
duce two or three foundations per week, so in this case the JIT method of 
manufacturing is not practical. Several factors must be taken into consider- 
ation when determining the production time and the delivery schedule. 

So, for example, for a project where 80 turbines are going to be installed, 
the manufacturing time for the foundations would make it necessary to cre- 
ate a buffer of, say, 45 foundations. The reason is, of course, that the trans- 
port and installation can be done in one or two days, so the production will 
be too slow to follow the installation capacity of the BOP offshore. This can 
only be avoided by creating a significant buffer of components prior to 
starting the installation. 

This actually creates another problem, which we will discuss later. The port 
facility often may not be able to accommodate 40 to 45 foundations at the same 
time. Thus, the port, the manufacturing sequence, the transport, and the 
installation time all affect the project and mostly contradict one another. 


The Logistics Setup 


The individual project owner chooses her own strategy for delivering the 
wind farm to the site and commissioning it. Therefore, a number of strat- 
egies can be developed to do so. The range in the past has been from 
DIY (do-it-yourself) to EPIC (engineer, procure, install, commission) de- 
livery of the project. This depends on the internal skills and resources of 
the individual project owner. It is the same way for the logistical setup of 
a project. The project owner will look at internal capabilities and capacities 
and the track record of delivering such projects before deciding which 
strategy to use to install the project. 

In general, the four variations are form of the contract, project options, 
DIY delivery, and EPIC contracting. 


Form of the Contract 

It is fairly obvious from Table 3.1 that a small organization with no track 
record should be avoided. The risk element is simply too large for the project 
to be financed and for the organization to carry out a cost-effective and 


Table 3.1 Contract Strategy Matrix 


Typography No or limited track record Long track record 


Small organization EPIC Multicontracting 


Large organization Multicontracting/EPIC DIY 
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commercially viable project. This type of project or wind farm owner is rare 
in the offshore industry simply because of the magnitude of the projects. 
However, small organizations with reasonably large competencies and track 
records in developing projects do exist. 

There are some quite successful companies in the offshore industry today 
that are very capable of developing projects to either complete installation 
and sale, or that can develop projects to a stage where the commercial value 
has been established and the owner subsequently can sell off the project to a 
utility or a larger wind farm owner. 


Project Options 

The number of options that remain are the multicontracting, EPIC, or DIY 
of a large organization that has either a limited or comprehensive track re- 
cord. The track record will thus determine what route is taken in terms of 
setting up the logistical solution for the project. 

If the company is relatively inexperienced, it will be most advan- 
tageous to opt for either a multicontracting (develop packages of goods 
and services to be delivered in order to execute the project and then manage 
these packages) or to choose an EPIC contractor that can take care of 
all interfaces toward the individual contractors and consultants to the 
project. 

Historically, this has been the case, and the results have largely been that the 
multicontracting route has proven to be the more cost-effective one. The 
reasons for this are, among others, that the EPIC contractors did not have 
very much experience in executing this specific type of project in the early 
years. 

The engineer, procure, install, and commission projects have been 
very costly to the project owner and/or the suppliers who chose to go 
the EPC (engineer, procure, construct—not to be mistaken for the EPIC 
contract) route instead of multicontracting the work and supplies. Basi- 
cally, if you do not know what the work is about in detail, you would 
normally apply safety margins on all aspects with which you are unfamil- 
iar, thereby driving the price upward but without adding value for the 
money you are paid. 

The fact that we were not very successful with the EPIC, or EPC, 
contracting strategies has led to the general consensus that the project owner 
should be large and experienced enough to be able to cope with this type of 
project from a DIY perspective. In effect, this means that the project owner 
will have to develop an organization that is capable of planning and executing 


40 Offshore Wind 


a project from start to finish, in-house! This is now the case. Today all major 
utilities are developing in-house organizations that over time will be able to 
execute a large offshore wind farm project on time and on budget. 


Do It Yourself 

DIY in this case means handling the project from the decision to build 
through to the commissioning and operation of the wind farm. The design 
of foundations; the layout of the wind farm; the purchase and installation of 
foundations, turbines, cables, substations, and so on will all be done using in- 
house resources and competencies. The sensible third-party validation of de- 
signs and so forth will, of course, be necessary to keep a critical eye on the 
project and the product that results from these efforts. 

This, however, requires a very comprehensive organization that has 
experience in this type of project execution, and such organizations are rare, 
although a number of European utilities now have designed and built a 
number of offshore wind farms. These utilities have thereby acquired an in- 
creasing level of competence, so the tendency to deliver projects on a DIY 
basis will become more common, thereby eliminating the market niche for 
individual and smaller consultancy companies that specialize in parts of the 
entire project delivery. This type of business will gradually be drawn into the 
project organization. 


EPIC Contracting 

But what, you might ask, went wrong when we tried to go down the en- 
gineer, procure, install, and commission route? The risk element of such a 
contracting strategy is very low. The EPIC contractor holds all responsibility 
until handover of the project when it has been successfully installed and 
commissioned. For the investor this is a dream. Here is a company with a 
balance sheet large enough to satisfy the bank’s or financier’s requirements, 
and if something is not working, the owner only has to say to the EPIC con- 
tractor, “Go fix it!” Ifthe repairs are not made, the owner can claim damages 
from the contractor without having to establish who 1s at fault. It couldn’t be 
any simpler—or could it? 

Usually this is where it starts. The owner sees the EPIC contractor’s 
responsibility and balance sheet as a guarantee that the project will get built. 
But you cannot build a wind farm offshore with money and insurance pol- 
icies. You build it with skilled personnel who use the proper equipment. And 
without blaming anyone or pointing fingers, it has been my experience that 
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all construction work—onshore or offshore buildings, ships, power plants, 
rockets, and so on—headed by an EPIC contractor often turn out to be a 
rehearsal. The contractor builds in a large risk margin and tenders for the 
lowest acceptable units that can be found at the lowest possible price for 
the work. 

Further, it is my experience that the risk is handed down 1:1, if possible, 
to the subcontractors who have the specialist knowledge of, say, operating a 
jack-up. This is not necessarily the main competence of the EPIC contrac- 
tor; he is the coordinator and the facilitator. This is acceptable for what it is 
worth, but in a very young and immature industry, this is a recipe for 
disaster. 

The EPIC contractor probably does not know the risk of the project 
itself, certainly not in any great detail. This leads to even higher prices 
and greater risk aversion. The smaller specialty contractor will not have 
the firepower to fight back and will in the end have to accept a contract that 
is less than fair and far from optimal. So in this case, it will be everyone 
against everyone and only looking out for oneself. If one contractor can 
get an upside from the mistake or shortcoming of the other, this will be 
the result. 

The EPIC contractor, who has limited specialist knowledge anyway, will 
not readily accept the blame because it would cost money, and usually the 
contract is prepared in a way that the EPIC contractor will have the oppor- 
tunity to place blame and recover the loss before paying out. This has often 
been the case and is not really what the wind farm owner or developer wants 
in the end. 

But is engineer, procure, install, and commission contracting bad? No, 
not as such. In a mature market, the EPIC route can avoid the financing co- 
nundrum just described. The contractor can take over the risk and quantify 
the cost of it and thereby make the project happen. I believe that in the near 
future the EPIC route will reoccur but in a slightly altered version. 

In the new form, it will be seen as an EPIC contract for the transport, 
installation, and cold commissioning of the foundations, turbines, and ca- 
bles. The reason is simply that these areas are within the competence of a 
number of large offshore contractors in the world. Contractors that have 
entered into the offshore wind sector during the past couple of years are used 
to this type of split in the scope of work. 

Clearly, it is also evident that the marine package comes with a 
marine contractor and not with a project management company with a large 
balance sheet. The difference is that the risk is being handled by the people in 
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the project who understand the risk and are thereby capable of quantifying it 
and pricing it right. Hopefully, this will be to the benefit of the project and, 
in the end, the end user—namely, the consumer who taps the environmen- 
tally friendly power out of the outlet in the living room. 


TENDER AND CONTRACT STRATEGY 


The decision on how to build a wind farm will also be reflected in the con- 
tracting strategy. Regardless of what the project and tendering strategy will 
be, it is important to make the decision at the very beginning. The decision 
to outsource all activities, or most of the activities, is reflected in the EPIC 
strategy and, as stated previously, this would be the preferred route chosen 
by the small or the inexperienced organization. The number of contracts 
will remain largely the same as within the DIY strategy, but the EPIC con- 
tractor will be managing them and all related interfaces. This is a big help to 
both the owner and its organization. 

The tendering strategy will reflect the EPIC or EPC strategy in the same 
way that the owner of the wind farm project will seek out the various in- 
teresting general contractors in the market. They can effectively undertake 
the entire scope of work for the project, moving from planning, permission, 
and forward to the final handover. 

The owner will then have to develop the entire work scope for the pro- 
ject, and this can be done using a fairly small but knowledgeable organization 
or even a consulting company that specializes in this type of work. Many 
companies consult on the development of the scope of work for an offshore 
wind farm, and they are capable of delivering the required level of documen- 
tation with the required detail for the EPIC and/or EPC contractors to 
effectively bid on the project. 

The owner will use the data developed to carry out two tender processes: 


1. A prequalification of EPIC, or EPC, contractors that are interesting and 
considered capable of delivering the scope of work. 

2. An invitation to tender (ITT) for the jobs on which the owner wishes 
contractors to bid. 


It is worth noting that the difference between EPIC and EPC also consti- 
tutes the perceived difference in the scope of work the owner wishes to give 
out. EPC—engineer, procure, and construct—is a limited scope of work 
compared to the previously mentioned EPIC—engineer, procure, install, 
and commission. 
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With EPC, the commissioning part is now covered by the owner. This 
in effect means that the final responsibility for the wind farm being operative 
now lies with the owner. The EPC contractor is now only responsible for 
the correct installation of the parts. Whether it works as originally intended 
is, strictly speaking, not the contractor’s problem. 

The EPIC contractor is not relieved of this responsibility because the 
company’s job is also to commission and hand over an efficiently running 
plant to the client. This has to be considered when deciding the contracting 
route to take. It is also important to consider the commercial impact of the 
strategic tendering decision, since any obligation on the contractor’s part 
will be met with a claim of payment. There is no such thing as a free issue 
in the contract. 

Basically, the two forms of contract produce the same commercial result. 
The risk in the contract is handed over to the contractor by and large. The 
difference in the level of responsibility—whether the plant is functional after 
the handover—is not that significant. There will be a markup on the 
commissioning obligation, but the contractor will scrutinize the documen- 
tation thoroughly before pricing and entering into the contract. This can 
therefore actually be a benefit to the project and the owner in general. 

But for the owner, the element of passing the risk on to the contractor is 
important. Within a small or inexperienced organization, it is highly likely 
that errors will be made, and they will no doubt be costly. Therefore, the 
cost of passing the risk onto the contractor is appealing, even though one 
knows there will be a premium to pay for the privilege. The cost is known 
and quantified, and for financing the project, this is important as well because 
financially de-risking the project will be crucial to lenders. 

For many wind farm owners, passing risk is a rehearsal that is frequently 
carried out in the way that the risk should be taken by the contractor, but the 
cost associated should not be reflected back to the owner in the price. This is 
a no-win situation for the owner. Again, there are no free issues. If the con- 
tractor is to assume, say, all weather risks of offshore operations, the known 
amount of downtime is automatically priced in as the percentage of weather 
downtime that is to be expected. This is normal. 

The owner is, however, often under the impression that the contractor 
must gamble on the unknown amount (i.e., the number of weather days 
above average). This can be significant in many places in the North Sea, 
for example, but it just is not possible. The contractor either possesses the 
equipment or rents it from a sub supplier who will charge for every single 
day the equipment is working. End of story. 
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Now, the client may think it has rid itself of the risk, but in effect it is 
simply priced in as an added margin on cost of plant (COP). This is logical. 
I often explain this to clients using the following example: 


If you can persuade my bank to only charge payment from me when the equip- 
ment is working, | will only charge you in the same way. 


This case is equivalent to the situation where the farmer only gets paid for 
slaughtering the pig if I actually eat the roast pig afterward. In other words, I 
must deliver my part of the contract without necessarily being paid for my 
services if conditions prevent it. 

The problem is, of course, that this is not feasible; therefore the concept 
of getting rid of both risk and payment isn’t either. In the end, the client 
always pays for the full set of services; it is only a question of how the bill 
looks. If the installation contractor is asked to assume all the risks, the price 
will reflect that accordingly. This makes sense since the notion of working 
without payment is not really that popular. 


QUALITY ASSURANCE AND QUALITY CONTROL 
REQUIREMENTS 


Project delivery will be subjected to a set of requirements in order to doc- 
ument the proper quality of all products and services. The two issues can be 
briefly defined as follows: 


Quality assurance: The process of verifying or determining whether products or 
services meet or exceed customer expectations. Quality assurance is a process- 
driven approach with specific steps to help define and attain goals. This process 
considers design, development, production, and service. 

Quality control: The process employed to ensure a certain level of quality in a 
product or service. It may include whatever actions a business deems necessary 
to provide for the control and verification of certain characteristics of a product 
or service. The basic goal of quality control is to ensure that the products, services, 
or processes provided meet specific requirements and are dependable, satisfactory, 
and fiscally sound.’ 


Therefore, quality assurance (QA) is monitoring whether the customer’s 
needs and requirements are met when the design is planned and taken to 
the production stage, and quality control (QC) is the process whereby 
the product is examined after production, during transport, and after being 
installed in its final position. 


1 * 
Courtesy of wisegeek.com. 
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Thus, quality assurance is carried out mainly in the design stage as a sanity 
check on the product that is being designed, whereas quality control is the 
physical act of checking the product when it leaves the production line or, 
after it is installed, checking the product before payment is rendered or to 
facilitate the payment. 

The preceding definitions will apply throughout this book. The QA/ 
QC tasks in an offshore wind farm are executed according to those defini- 
tions to determine the quality of the product. In other words, quality assur- 
ance and quality control are performed when the wind farm is completed, 
and the work of the contractors, designers, and employees is approved. 


HUMAN RESOURCES FOR INSTALLATIONS 


As stated earlier, the organization behind the planning and execution of an 
offshore wind farm is crucial to the success of the endeavor. If no experi- 
enced personnel are in the top level of the organization, as well as some 
of the most important profiles in both planning and execution, the chances 
of success will diminish quickly. 

The offshore wind installation company needs to have a complete orga- 
nization to function efficiently. But the industry is, in general, very young, 
and it is therefore a major problem to attract skilled personnel, educate new 
staff, and retain the human capital once the organization is functional. 

This is a serious topic since the demand far outweighs the supply. Plus, 
the tasks are both onerous and complex, which further puts pressure on an 
offshore wind installation company. So how does its organization look? 
There are many ways to develop and run a company, and the development 
part is the key to success. 

When I started in this business 12 years ago, there were no human resource 
professionals who had any experience with the installation of large offshore 
wind farms commercially. The task of developing the company, A2SEA 
A/S, was therefore unknown to me, and the goal was to become operational 
in one year. 

The following anecdote doesn’t describe the way to develop an orga- 
nization, but it paved the way for an understanding of what is required to 
start, develop, and run a competent management organization that can 
install offshore wind farms. This means whether you are involved on 
the supplier side or as the EPIC contractor that will take on the entire scope 
of work of engineering, procuring, installing, and commissioning the off- 
shore wind farm. 
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Creation of A2SEA 


The start of A2SEA was a coincidence. A good idea was in desperate need of money and hu- 
man resources to solve the many problems and challenges only a start-up company will have. 
To me it was no different. When | began, | was the managing director, the project manage- 
ment, the design department, the business development manager, and the funding depart- 
ment all in one. This is, of course, not ideal, but it is the reality of any new company. So the first 
task was to define what the main focus should be in order to answer the many questions 
asked by all of the stakeholders around the company. 
We initially counted three and a half people: myself as CEO; a project manager who was 
in charge of all practical issues relating to the technical development of the installation ves- 
sel we designed; a marketing manager who was in charge of everything from booking 
meetings, accounting, and developing the marketing material for the company; and finally, 
a retired naval architect who was our consultant and technically competent person to deal 
with the specific issues about design of the vessel. 
Of course, this was only a skeleton crew, but the interesting point is that the organiza- 
tion—regardless of how small it is—will always deliver what is required to carry out business. 
In the A2SEA case it was no different. But what about competence? 
Well, there wasn't any. So we defined what was required and determined along the way 
what was needed to deal with a specific issue. This was, of course, exciting but not ideal. It is 
obvious that a small organization like this cannot delegate a whole lot of assignments, and 
this was not the case either. But since the delegation was small and the number of people 
even smaller, it quickly became clear that sharing information would be key. If we did not 
communicate all the time, information was lost or forgotten, or not where it was supposed 
to be when we needed it. 
Therefore, it taught every one of us that sharing information makes everyone smarter, 
more agile, and more capable of seeing the potential and the dangers, even if it was not the 
actual responsibility of the individual who discovered the problem. So, information shared is 
most certainly information gained. This should be the basic principle of any organization. 
Furthermore, whoever picked up the phone or opened the mail was the owner of the 
problem or challenge or task, whichever suited the situation best. But this corresponds well 
with the preceding statement that all information should be shared. The fact that we knew 
at least a bit about what the others were doing made it simpler for us to act and be effective 
when someone was handed a task. 
Finally, during the process of converting the installation vessels and putting up 
the first turbines in 2002, we learned through the teething problems of the vessels— 
and there were a few—that panic should not live in our neighborhood. No matter 
what happens, you should never rush to solve a problem, especially if you are working 
offshore. 
You must assess the problem, evaluate the options, and choose the safest and the most 
effective solution. And you must do this the first time. If you choose to do something now 
because you are then being seen as doing something, this may come back and bite you very 
quickly. 


Project Planning 47 


A small organization is not in itself desirable, but it is very effective. 
When we installed the first project, 12 of us were doing all the work. A look 
at the organization of any offshore contractor today will reveal a much larger 
number of members. The job of installing wind farms has not gotten more 
complicated, but the details and documentation behind it have. This is the 
main reason why an organization like the one we started out with would 
probably not be sufficient now. 

This work did lay the foundation, however, for what is considered the 
standard organizational structure in a company working in the offshore wind 
industry. Logically, the organizations and tasks have become larger, more 
complex, and more in-depth than what we could deliver in the early years. 
In essence, however, they remain the same. 
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Related Images 


Project planning starts at the desk figuring out who, what, where, and when. 


Consumables and various components being loaded in port before departing for the 
offshore site. 
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Equipment that is not self-propelled is slower and more cumbersome to move in and 
out. Although the day rate seems appealingly low, the added cost of tugs and so on will 
drive the total cost up. When the extra downtime due to towing restrictions is added, the 
cost per turbine or foundation installed will rise. 


Load over of the turbines from the transport vessel to the jack up. This work is, of course, 
an extra step in the installation process and is only carried out due to the lack of larger 
vessels that can transport more units at the same time. 


CHAPTER FOUR 


The Basic Organization 


The basic organization is not very different from so many others. The top 
management layer must take care of coordinating and delegating tasks to 
the lower layers. Figure 4.1 shows the basic setup that I recommend. Details 
are discussed in the following sections. 

As can be seen in the chart, the tasks to be handled by the top management 
are indeed many and complex, but they are all necessary to run an efficient 
installation company. The main difference to a “normal” organization is that 
the quality assurance (QA) and health, safety, and environmental (HSE) de- 
partment (or departments) are line and not staff functions. This is not the case 
in an organization working within the onshore environment. Here, the QA 
and HSE departments advise and consult on their technical resources. Off- 
shore, the departments are line functions and have the capacity to overrule, 
instruct, direct, and stop work if they deem it necessary. 

Therefore, the HSE department in particular will have an extremely 
important role to play. This specific topic is discussed in Chapter 8, but 
for now it should be noted that the main task—besides installing the wind 
farm offshore—is to get everyone who goes offshore safely back on shore 
again after carrying out the installation work. 

Let us go through some of the departments one by one to understand how 
they contribute to the organization and the installation project. It should be 
noted that the organization chart in Figure 4.1 is pretty much the same 
whether you are working as the installation contractor or the supplier of tur- 
bines, foundations, or other parts of the “hardware solution” for the project. 

The head of offshore or the CEO of the company primarily controls the 
functions of the various departments, coordinates the information stream on 
the top level, and makes all the final decisions that will be communicated to 
the participants outside the company and to the shareholders. This is the nor- 
mal routine. The role of the CEO is to be the final decision maker and to 
inform the outside world what the company has decided to deliver and 
how they will deliver it. As for the internal organization, the CEO manages 
and coordinates all functions, controls and forecasts economic decisions, and 
manages the human resources department, whose personnel will ultimately 
deliver the product or services the company is providing. 
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Head Offshore 
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Figure 4.1 Organization chart and the responsibilities of the top management. 


SALES 


The sales department is, of course, responsible for identifying projects and/or 
service or repair opportunities that will accommodate the capabilities of the 
company. The sales executive therefore must focus on the areas in the orga- 
nization chart. Let’s go through some of them. 


Identify Projects 


It is logical for any company that wants to sell goods or services to the off- 
shore wind sector to know what the market is. However, the good sales rep- 
resentative will immediately carry out a screening of which projects will suit 
the capabilities of the company and the equipment and services it can 
provide. 

Furthermore, it is important to consider the capacity of the company. 
What can be provided and in what time frame? Does the project fit the op- 
erational availability of the company’s equipment? Ifso, does the equipment 
fit project requirements? 


Tender Projects 


Tendering of projects is, of course, a very important part of the activities in 
the sales department. The tender process is long, complex, and costly, so the 
screening of the market will allow the sales department to concentrate on the 
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projects that are of primary interest. Hopefully, tendering the more marginal 
projects can be avoided, since it’s very disappointing to not be awarded a 
project after investing a lot of money and resources in it. The last item is 
possibly the most dissatisfying of all. Because a tender is a sweepstakes where 
the winner takes it all, coming in a handsome second is as frustrating as trying 
to eat soup with a fork. 

The disappointment of not winning several projects will be demoralizing 
for the employees as well, and if this is occurs many times, good employees 
will probably try to find employment elsewhere. This must be avoided since 
competent personnel are rare in this business. 

It is also vitally important that the tender documents include a draft 
contract. The sales department must scrutinize this document to identify 
the goods, services, and obligations that must be delivered to the client 
by the project management after the contract is awarded. 


Prepare Contracts 


Preparing the contract is actually part of the tendering process. However, it 
should be noted that during the tender phase, the draft contract should only 
be read. If you are participating in several tenders, the cost of employing law- 
yers to review contracts can become exorbitant. This is another reason to 
screen the market for projects in which you wish to participate. Let the legal 
department screen the contract before submitting the bid, and plan to do the 
contract reading when you know you have gotten past the first threshold in 
the tender process. 

Reading the contract, however, is only part of the process. The project 
department will require the sales department to identify all the problems, 
challenges, and specific agreements that are unique to the contract you wish 
to enter. This must be done as part of the tender negotiations, and as we said 
before, this is crucial for a seamless takeover by the project department after 
the contract is awarded. If this is not done, the damage can be substantial 
when things don’t go as predicted. In large, complex projects, such as 
installing an offshore wind farm, things often don’t go as predicted. 


Negotiate Terms 


When a tender is successfully carried out, the next item is to negotiate the terms 
that are part of the draft contract. The terms—if ever I saw a draft contract fora 
tender—are owner-oriented, and often one will have to negotiate from a 
position nailed to the wall. This is annoying but nothing new. The problem 


54 Offshore Wind 


is that starting negotiations on that basis means the process takes a lot longer and 
makes it more aggressive. But since the owner normally needs nonrecourse 
financing from the bank, he or she will therefore draft the contract so it looks 
appealing to financing institutions and investors. 

The main problems are normally the warranties, the penalties, and the 
bonds to be delivered. The warranties are always onerous because the owner 
wants a wind farm without any risks involved, again due to the financing 
situation. So a warranty of five years is almost always imposed on all sup- 
pliers. So if you are only delivering a service, such as installing turbines, make 
sure the warranty is not part of the contract. 

If you are in engineering and/or are producing goods for the project, and 
possibly installing them afterward, a five-year warranty is normal. But make 
sure that the dates of commencement are as early in the project as possible. 


Hire Sub Suppliers 


Handling the sub suppliers is also important. The contract will most likely 
rely on them to perform a variety of services. Therefore, at an early stage, the 
sales department should make sure that the sub suppliers are all accounted 
for; the binding offers have been given; and that offers are valid, clean, 
and back to back with the main proposal up until contract signing and pro- 
ject execution. 


Prepare Documentation for Project Planning and Execution 


As we said before, the project management will require complete documen- 
tation of the project, their obligations to the owner and the sub suppliers, and 
their rights and duties during the project. 


Specify All Products and Services 


The contract handover must clarify all points, products, and services. A spec- 
ification of every one of the products and services is also included. 


Specify Interfaces 


This topic is dealt with in detail later, but to secure the full delivery of the 
goods and/or services owed to the owner, it is important to determine which 
interfaces are relevant to the existing contractor on the project. The reason 
for this is twofold: (1) to secure the full delivery of goods and services without 
missing or omitting your responsibilities and (2) to make sure that no more 
responsibility is taken on than what is specified in the contract. 
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This is extremely important. Imagine you turn over work that has flaws 
without mentioning them, and as fate would have it, the defects are 
detected after handing over to the next contractor. The takeover 
documents will show that the flaws appeared when you were in charge 
of, or responsible for, the components. Thus, remedying the problem 
becomes your responsibility, even though you didn’t actually impose 
the defect or flaw. 

Therefore, the identifying interfaces and allocating responsibility, as well 
as the documentation requirements, must be developed and implemented 
in the contract documents. The interface definition is discussed later in 


this book. 


PLANNING 


The planning department carries out all of the preproject engineering, 
determines the equipment that is necessary in order to carry out the work 
connected to the contract, and creates a large amount of the technical doc- 
umentation that is required by authorities, owners, and suppliers and sub 
suppliers preceding contractors and the contractor to which the work scope 
is handed over after delivery by the company. In the following we discuss a 
few of the most important tasks in this section to give an understanding of 
what the planning department should do first and foremost. 


Design Equipment for Project 


It seems logical that the individual project will have unique technical chal- 
lenges and therefore require solutions that are also unique to the project. It 
could be anything ranging from seafastening of the components on the con- 
tractor’s vessel to providing method statements for performing the work or 
developing the logistical solutions for this particular project. 

Here it should be noted that creating the method statements for the in- 
dividual work processes is a team effort where the QA and, in particular, the 
HSE departments participate. This is the first event that shows how impor- 
tant it is to have an HSE department as part of the line organization. The 
development of method statements can only be done in cooperation with 
the HSE department, simply because this is the only department in the com- 
pany that has the capability of collecting and interpreting the various national 
laws and compliance documents relating to health and safety. Therefore, 
their input is crucial to the process of preparing the project. 
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Plan the Process of Project 


The planning department is in charge of developing a project process chart, 
which takes all of the relevant factors, such as weather, equipment used, 
distance to the site, number of components, and the contractual time sched- 
ule, into consideration. The project plan is the most important guiding 
document for the project management, so significant effort is put into this 
preparation work. A flawed plan will lead to delays, and delays lead to huge 
cost overruns, since the balance of plant (BOP) is extremely high for an 
offshore project. 


Design and Plan Facilities and Specify Equipment 


We will discuss the site layout later in this book, but for now it is enough to 
state that the correct allocation of facilities also lies within the planning 
department. It is very important to specify equipment as early as possible; 
determine what type, size, and operational envelope is required for all 
equipment. 


Specify Certification and Other Means of Documentation 


The equipment and methods developed by the planning department must 
be documented and certified by the relevant certification bureaus and au- 
thorities. This includes, but is not limited to, items such as the following: 


¢ Method statement for the entire work scope 

¢ Plan implementation and certification by local authorities in cooperation 
with the HSE department 

¢ QA plan implementation and certification by local authorities in coop- 
eration with component suppliers, the owner, and sub suppliers, if 
required 

* Certification of all equipment 

¢ Preparation of transport plans for review by the authorities 

¢ Defining and coordinating the process with the other project contractors 
and sub suppliers for approval by owner’s engineer 


Perform Due Diligence on Methods Prior to Start 


The methods, equipment, and services developed by the contractor prior to 
starting the offshore work must be subjected to a trial run first in order to 
detect any problems or flaws in the methods. The costing factor is a good 
indicator of why this is important. 
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When a flaw is detected during the planning or designing stage—say, in a 
drawing—the cost factor is 1:1. But if the flaw is detected while con- 
structing, say, the seafastening after the drawing has been approved, the cost 
factor is around 5:1. The big problem arises, of course, if the flaw is not 
detected until you go offshore. If this is the case, the cost factor will be 
10:1. So if the cost of the flaw is 10,000 euros in the design stage, the cost 
of not detecting it until offshore work has started will be 100,000 euros. This 
is just a rule of thumb. 

The cost can easily be higher if, for example, the vessel can only transport 
6 instead of 8 turbines in an 80-turbine project. The cost for the extra trips 
can be developed like this: 


* 8 turbines per trip equals 10 trips 
* 6 turbines per trip equals 14 trips—the last trip with only 2 turbines 


If the cost per trip is 24 hours each way (the net installation time will be the 
same, but the weather will worsen and thereby further increase the cost), the 
4 extra trips will add 8 net days to the project. If the transport cost is 150,000 
euros per day, the cost is now 960,000 euros. 

So the cost factor will be very high indeed, especially because the sales 
department could possibly have negotiated the extra trip into the original price 
for the work. This is a significant issue. Cost of equipment is the number one 
factor in an offshore project. The careful planning of the operations and pro- 
cesses required to install the wind farm offshore are therefore played out again 
and again during the planning, tendering, and contracting processes to get the 
cost and interfacing just right. 

The worst thing that can happen in an offshore project is waiting for ma- 
terials (Figure 4.2). Waiting on weather windows is a given that we have to 
work around, but enjoying the sun and having a chat while no foundation is 
in sight are not good for the project economy. Moreover, the weather win- 
dow will be lost, and the possibility that another unexpected one will show 
up is not very likely. 


QA AND HSE 


Quality assurance (QA) tasks should be familiar to everyone, so for now we 
will only briefly describe what is involved. The QA role is mainly to ensure 
that the agreed-on standard of work is delivered both to the company from 
previous contractors and passed on to the next contractor in the project 
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Figure 4.2 Waiting for the next component to arrive at the pile guide. 


without any damages, defects, or flaws in the product or the service. To en- 
sure this, a set of handover documents must have been developed and con- 
stantly updated and fine-tuned in order to secure the perfect interface 
management. We discuss this more later. 

The health, safety, and environmental (HSE) department has a significant 
role to play in the planning and executing phases of the project. The HSE 
officers and their crew will be safeguarding the entire process from the 
starting point until successful delivery of the entire scope of work. Some 
of their key functions are as follows. 


Define Interfaces and Requirements 


The interfaces are not exclusively a QA/QC matter, they are also a question of 
when the next contractor takes over responsibility for the employees on the 
project. To secure this, the HSE documentation thoroughly describes what is 
required in order to deliver the work—from a safety point of view—when the 
work starts and at what stage it ends. In this way, the employee is aware of what 
he or she must do, what triggers a task, and what ends it. Furthermore, any de- 
viation from the job description must be recorded, and changes or corrections 
must be made to avoid repeating an unplanned event. 
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Compliance of Project 


The project must comply with a large number of rules and regulations that 
don’t always correspond to one another. The rules could be maritime, 
construction regulations, port working statutes, and so forth. Often, these 
rules and regulations are international in some cases and national in others. 
This can cause some confusion, and therefore the HSE department should 
develop a set of site-specific regulations that comply with the building 
permit and national, international, onshore, and offshore regulations. This 
is not an easy job. 

Rules may actually clash, and what seems perfectly sensible in some 
countries or cases is considered madness in others. A good example is using 
two cranes to lift a load. In some countries this is considered unacceptable, 
whereas in others, it is done all the time. Imagine, however, if you go to a 
country to install a wind farm and part of your loading schedule includes 
upending of the turbine towers before loading them on the installation 
vessel. 

Even though the towers may not be too heavy for the crane to lift, the 
upending possibly will require the combined lift of a crane on the pier and 
one on the installation vessel, as shown in Figure 4.3. This is actually a stan- 
dard operation in Denmark and other places, but it was not particularly 


Figure 4.3 Upending a tower section using a shore crane and the vessel crane in 
Esbjerg, 2002. 


60 Offshore Wind 


preferred in the United Kingdom because there is an inherent danger of 
things going wrong if the crane operators and banksmen don’t have the exact 
figures on the loads they are lifting, the proper crane load curves, and a good 
understanding of the physics of the lift itself. 


Risk Assessment 


Oddly enough, this leads us directly into risk assessment. How bad is the 
example of using two cranes, actually? For the professional crane operator 
and banksman or rigger, this is a run-of-the-mill operation. But for the 
HSE department to carry out root-cause analysis of what can go wrong, 
it is the start of a long statement of possible accidents. This is, of course, 
not the case, provided that everyone adheres to the method statement 
developed for this specific purpose. If properly managed, this is a safe, fast, 
and efficient way to conduct an operation that occurs every day in the 
industry. 

Logically, this is only the case because it is actually possible to make a risk 
assessment that addresses the possible dangers of the operation. Solutions are 
presented and detailed, and finally it is established that everyone involved in 
the process is properly trained and understands the requirements in the 
method statement. 

If an unskilled, untrained person develops his or her own makeshift so- 
lutions to the situation, it can quickly develop into a potential catastrophe, 
even for seemingly simple tasks such as shown in Figure 4.4. The potential 
dangers of this procedure are very apparent. See how many you can think of. 
List them, and then suggest countermeasures or correct procedures for 
carrying out the task. 


Hazard Identification 


The documentation of possible dangers connected to an operation is called a 
hazard identification document, and it should list all of the perceived haz- 
ardous operations, products, materials, waste, and actions that will take place 
or result from the work. When listed in a readable format in a paradigmatic 
way, the reader will be able to understand what the dangers are and how to 
mitigate them before starting the work. This is a very important task of the 
HSE department, and it should be carried out offensively rather than defen- 
sively and only impose more restrictions that are actually hindrances. (Un- 
fortunately, the latter seems to be the norm these days.) 
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Figure 4.4 Even standing on an aluminum ladder in the water, this workman doesn't 
seem concerned. 


Working Procedures 


Working procedures are debated elsewhere in this book, but in general they 
describe the specific assignment that has to be carried out in detail, consid- 
ering the legal and safety issues related to the assignment. This must all be 
written in a straightforward way that a worker on deck can understand. 


Supplier Assessments 


Supplier assessments are also important. While you may have a very safe, 
cost-effective, and streamlined production process, this is useless if your sup- 
pliers or sub suppliers do not perform to the same standard. Unfortunately, 
the lowest common denominator will be the guiding one in this case, re- 
gardless of whether that is how you want it or not. You will be judged 
by the total performance of the team you and your suppliers put together 
to deliver the scope of work. Therefore, it is necessary to assess suppliers 
and be sure that the client will do so as well. 
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Training of Personnel 


This is fairly obvious, but it is still important to discuss it. Training your per- 
sonnel will reduce the number of accidents and near misses. This is also a 
significant task for the HSE department. The personnel will provide all of 
the employees in the project with the necessary training, be it offshore sur- 
vival, height rescues from the turbine by means of hoisting down injured 
persons (or themselves), helicopter rescues, and so on. 

The list of skills required to work offshore on wind turbine installation 
vessels is long and ever growing. This is healthy because offshore you rely on 
the person next to you if an accident happens. And if a fire breaks out on a 
ship, it is everyone to the rescue! There is nowhere you can go, so if you 
cannot be an asset and assist in putting out the fire, you quickly become a 
liability to the rest of the crew. Therefore, everyone who is responsible 
for a specific job on the vessels and turbines has specific training require- 
ments. That way everyone can be an asset in the relevant situation and avoid 
being a liability when there is no current requirement for the skills possessed 
by the individual. 


PROJECT MANAGEMENT 


Project management (PM) is, of course, the company engine room and 
bridge control during an installation project. The project manager or 
managers have full responsibility for the project and therefore also need 
to have full knowledge of the scope of work (SOW) to be performed. Thus, 
it is necessary to include the project management once the tendering process 
becomes serious and documentation and resources have to be developed to 
finally win the contract. 

So when it comes to the most important tasks of the PM department 
prior to and during project execution, you can get a good idea of what is 
necessary, who should know certain details about the project, and how 
the project is controlled as you perform the SOW. The following sections 
discuss the tasks listed in Figure 4.1 in more detail, focusing on the major 
issues. 


Project Due Diligence 


We touched on this subject earlier in this chapter, but the previous due dil- 
igence discussion concerned methods. So what type of due diligence must 
the PM department carry out? 
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Well, as we already said, the project manager must be able to deliver the 
SOW. But is the service that the salespeople sold also the service that can be 
provided in real life? And ifnot, what are the changes, alteration add-ins, and 
omissions that need to be done to get to the goal line? What is the time con- 
sideration and the cost implication of changing what was sold? And does the 
project manager buy in to the project at all? 

These are some of the issues the project management, and the project 
manager in particular, must consider and clarify. The project manager has 
to have the practical knowledge, equipment awareness, and ability to assess 
whether the proposed methods, machinery, materials, and manpower will 
do the job. 

If she cannot do the job using her skills and knowledge of the processes, 
she will have to back out of the project. This is why it is important to 
consider involving her in the process once we expect to win the project. 
She can deliver the final intelligence that is needed to get the SOW right 
and also to get the price tuned properly and, finally, to win the confidence 
of the client. But as we said, before starting the project for real, the project 
manager will do a complete sanity check of the job, normally during the 
handover from the sales and planning department to the PM department. 


Contract Sub Suppliers 


The sub suppliers have, of course, been contacted by the sales and planning 
departments in order to receive a binding offer for their products and ser- 
vices. But after winning the project, the project manager must secure the 
availability of the goods and services, plan them into the project in detail 
to get the sequence right, and establish the project parameters and commu- 
nicate them to the sub suppliers in the form and order necessary to handle the 
project both in the practical sense and the documentation of the SOW as 
required by the customer. 


Build and/or Buy and Implement All Equipment and Services 


The planning department, along with the sales team and the customer, will 
have specified a number of items to be produced specifically for the project 
in order to deliver the wind farm offshore. One item could be seafastening 
for the turbine components. This item is specific to the turbine and to the 
ship on which it goes—at least until today. 

The PM department inherits the design and methodology that has 
been developed and must now finalize it, tender it, and construct and install 
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it on the installation vessel. Since the project manager works in the real 
world, she is also faced with the burden of trying to save money while doing 
this. It may well have taken half to a full year to tender and win the project, 
and in the meantime prices and delivery times may very well have changed 
dramatically. This is a problem the project manager will face throughout the 
entire project. But in the end, this will be her job, and this is why a project 
manager is the specialist in bringing all the details together and turning it into 
a fully installed wind farm. 


Set Up and Manage Site 


How difficult can this be, you may be thinking? It’s on the water, isn’t it? 
Well, there are a number of things to consider in this respect. First of all, 
the site is not one but two or more locations. Odd, yes, but you have to 
consider that we do work onshore in a staging port, where we prepare all 
of the components for loading and transporting to the site, and offshore, 
where of course we install the foundations and turbines. 

Now this should be straightforward, but the components we install are 
very large in volume, very heavy in weight, and certainly very delicate to 
handle because of their surface treatment of either gelcoat or paint. This 
makes the issue of setting up the site quite challenging. 

A staging port with 30 or 40 foundations and/or turbines is a staggering 
sight. The sheer volume of the components is impressive, and apart from 
their size we have to move them from the transport vehicles to the storage 
area, from the storage area to the preassembly location—which is normally 
on the pier where they are then loaded—and from the preassembly area on 
to the installation vessel to sail them to the site offshore. 

A going figure in the industry has been for a staging port area of the size of 
around 60,000 to 70,000 m” where it is possible to store the components 
coming into the port, preassemble a full load of turbines, and then load them 
on the installation vessel at the same time. This number is just a guide, and 
nothing can be taken as the fixed value. 

A number of issues will influence the choice and the size of the staging 
port: 


¢ Layout of the area; if it is very irregular in shape, you need more space. 

¢ Pier layout; whether you can easily access the vessels. 

¢ Road or sea access; if you need to sail components in from another 
country, you must consider the traffic of the vessels going in and out. 


The Basic Organization 65 


(Transporters deliver components and installation vessels go out to the 
site with preassembled units. They should not obstruct one another.) 

* Paving of the port; whether you need to pave the area with blacktop or 
concrete in order to store turbine components. 

¢ Load-bearing capacity; whether you can move the heavy equipment— 
and components—on the site. 


These are just some of the issues to consider; so, as you can see, the right port 
location and access and usability of the offshore site are much more compli- 
cated than it may seem to the spectator. 

And this is just onshore. Offshore the question is whether or not you can 
access the site with the equipment you have chosen, whether you should 
stay out there with the installation crews or go in and out from port, and 
which traffic constraints are posed by the many vessels out there. Vessel traf- 
fic control, which is dealt with later in this book, gives one an insight into 
this particular problem. This will be a daily struggle for the project manager 
who cannot actually see what is going on. 


Load Out and Installation of Turbines 


The project manager has been handed an installation concept by the sales and 
planning departments that at best is workable. Of course, they know what 
the job requires, but they are not as deep into the details as the project man- 
ager is, and if she changes the setup—even slightly—the implications on the 
installation program will be significant. 

Imagine the project manager realizes that the vessel can only hold 5 in- 
stead of 6 turbines. For 80 turbines this means an extra 2 trips with the in- 
stallation vessel (16 x 5 vs. 14 x 6). This alone is a cost of at least 500,000 
euros in vessel expense alone. Or, even worse, she realizes that the best port 
available can only accommodate 4 turbines per load out instead of the 6 that 
were offered to the customer. Now it is 20 trips instead of 14, and the cost 
has just risen another 2 million euros. 

The tradeoff can, of course, be that the chosen port will give some up- 
sides that another better-designed port would not. So in all fairness, this part 
of the job needs much care and attention from the project manager. 


Documentation of All Work 

In the past, we just did the work, and no one really cared about how we got to 
the finish line. Those days are over. Today, particularly in offshore wind pro- 
jects, there are so many interfaces and such high costs involved that the proper 
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delivery in all links of the chain must be documented. Normally the last 5 per- 
cent of the project costs are withheld by the customer to secure the necessary 
documentation that must be presented to the certification body and the au- 
thorities to get the wind farm released for production. 


Coordinate QA/HSE Work 


Even though the project manager does not physically do the documentation 
himself, he must ensure that the QA and HSE departments, along with the 
crews he manages, document all of their actions and all their handovers in 
order to relieve himself and the installation company from any liabilities and 
to get paid. 

The project manager will be a very busy person during the execution of 
the project. He must be skilled in the management discipline, but he must 
also be able to think on his feet when unforeseen events occur, good as well 
as bad. A good event, such as unforeseen excellent weather periods offshore, 
presents an opportunity. But if it is the weekend and he must call in extra 
staff or speed up the delivery of components to the preassembly site because 
he might run out, the project manager must be able to tackle this situation 
quickly and efficiently. 

A bad event is, of course, if things break down or if accidents or incidents 
happen. He is ultimately responsible and must be able to take action, get to 
the right people and authorities night and day, and keep a calm head. This is 
a rare combination, and successful project managers are few and far between, 
especially since the offshore wind industry is relatively new with a limited 
track record. We deal with project preparation in Chapter 5 and project 
execution in Chapter 6. 


SERVICE DEPARTMENT 


A service department will be needed in order to manage all of the work 
that the turbine and, to some extent, the foundation supplier will have 
to carry out after commissioning and delivery of the wind farm to the client. 
For the first five years—normally—the turbine supplier will warrant the 
turbines, the availability, and the service and maintenance of the wind farm. 
Onshore this is usually no problem. Offshore, however, it can become 
more difficult, even though in general the principle is the same. 

It is far more costly to send an employee to the turbine offshore because 
the transport boat is subject to strict rules and regulations. Also, the cost of 
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running a vessel that is capable of sailing out to the wind farm, which is 
normally quite some distance away from the shore, is extremely high. This 
problem is discussed in more detail in Chapter 12, but for now it is impor- 
tant to know that an entire organization will be dedicated to this particular 
job. 

Finally, it should be noted that the trend for offshore service—and 
commissioning for that matter—is increasingly carried out with the person- 
nel available on site in “hotel vessels” to cut down on transport time to and 
from the individual turbines. 


TECHNICAL MANAGEMENT 


As mentioned before, it is preferable for technical management to be out- 
sourced to a skilled and experienced vessel management contractor, unless 
your company has a large fleet of installation and/or service vessels. The rea- 
son is that the operational organization to run a vessel, regardless of type, will 
be very costly, and since all the skills are needed whether you have one or ten 
vessels in your fleet, the cost of adding this part to your organization will be 
extremely high. However, there are also those who claim that installation 
vessels, in particular, are so complex that no ordinary fleet management 
company can run them satisfactorily. 

This is partially true, and therefore this part of the operation of the vessels 
should be kept in house. But the manning, purchasing of goods and services, 
dry docking, and so on will not be specialized to a degree where a normal 
management company couldn’t sort it out. This is why technical manage- 
ment should be divided into two areas. 

One area should cover project-related vessel services such as preparation 
for projects, demobilizing, maintenance programs, upgrades, crew training, 
and so on. In short, you could say that it is everything that has to do with 
specific tasks concerning the work that the vessel does. 

Another area of technical management is related to services such as man- 
ning the vessel in compliance with regulatory frameworks; supplying fuel, 
lubricants, and provisions; arranging ports outside of the project area (inside 
they are normally determined by the client); dry docking; and transporting 
spare parts and other supplies to the vessel. This is something for which it is 
difficult to create added value for the individual ship owner with one to five 
ships in a portfolio. 

Since the costs are extremely high for operating such vessels, pooling 
them in large clusters will create a possibility for discounts and rebates during 
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the operation phase. For this purpose, a number of operators, such as V.Ships 
Ship Management in Germany, Navios Maritime Holdings in Greece, ASP 
in Australia, and others, specialize in work like this. There are many other 
suppliers of this type of operation; these three were the first a quick search on 
the Internet revealed. What they have in common is that they specialize in 


Figure 4.5 Loading of transition pieces in port. 
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operating merchant ships for clients all over the world, pooling solutions on 
everything related to ship operation on behalf of the owner. 

For the specialized vessels, such as jack-ups, the number of management 
companies is significantly smaller, but still this service can be provided by 
several companies worldwide. Figure 4.5 shows the loading over of transi- 
tion pieces in port prior to moving the jack-up barge to the offshore site. 
Even though the feeder system is not the best solution from a logistics 
perspective, the method works. In a situation where there is not 
enough equipment available, this becomes a viable way of carrying out 
the operation. 
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position on the turbine. 
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A fixed gangway from the installation vessel to the turbine is crucial to keep a high level of 
safety during construction. The gangway can also serve as support for power, air, and hy- 
draulic hoses if needed. 
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Fitting the hammer with anvil on the pile prior to driving. The hammer alone weighs 
more than 200 tons, so heavy equipment moving on the vessel is a daily procedure. 
However, when work becomes routine, the risk of accidents rises due to the crew's 
reduced level of awareness of danger. 


2 ——— 


Working with the pile fitted into the pile gripper. The size of the components and the 
equipment is impressive. 


CHAPTER FIVE 


Project Preparation 


Project preparation is crucial to the seamless execution of both onshore and 
offshore work, so it is imperative to plan and describe all of the activities that will 
be performed during the project. Furthermore, the health, safety, and environ- 
mental (HSE) requirements and the quality assurance (QA) and quality control 
(QC) documentation must be developed in detail in order to follow, monitor, 
and correct behavior, activities, and deliverables during project execution. 

Therefore, thorough planning of the operations and the identification of 
interfaces and responsibilities are extremely important. The installation of 
wind farm components offshore happens so fast that often changes will be 
implemented at a stage that will prove to be too late, simply because the time 
to implement a new method takes longer, due to design and approval, than 
the installation process for a foundation or a turbine. 


DEFINE PROJECT PARAMETERS 


Once the project has been handed over to you from the sales department— 
much as just described—the project manager and her team will have to 
define the outline of products and services that are to be delivered, the 
boundaries of the project, the legal framework, and the number and kind 
of activities to be performed to carry out the work that has been sold to 
the client. 

The project parameters are mainly defined by the size, location, and lay- 
out of the wind farm itself; the building permit that has been awarded to the 
client; the legal framework in the country where the wind farm is to be located; 
the location onshore from where the project will be staged; and, finally, the 
type of turbines, foundations, and the equipment that will be installed or used 
onsite during the project. 

Once the parameters are defined, the project manager can start building 
up his team and basically choose between two types of organizations to do 
this. The first type is the matrix organization, where the project manager 
“borrows” resources from the various departments in the various phases 
of handling projects, as shown in Figure 5.1. This means that the same re- 
source manages more work but not as efficiently. 


73 
Offshore Wind © 2012, Elsevier Inc. All rights reserved. 


74 Offshore Wind 


Sales Planning QA/QC HSE Project 
Management 
Project 1 
Project Project execution personnel 
Execution 


Project 2 


Tendering and planning personnel 


Figure 5.1 Matrix for the organization. 


This method works well in a small organization that has several projects 
in various stages running at the same time. However, this also creates some 
confusion in the team because different people will assume the responsibil- 
ities for different functions throughout the duration of the project, and team 
members will have to work on several projects at the same time. 

The second option is the project team basis (Figure 5.2), where a firm 
team with a number of fully allocated members will work closely through- 
out the entire project. This is very good for the project because the team 


Secretary 


Sales Planning Project 
Executive Executive Executive 


Project Project 
Manager for Manager for 
Project 1 Project 2 


Project 
Secretary 


Purchasing Project 
Member Assistant 


Figure 5.2 Project team-based organization. 
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members are generally attached to the project and will not work on others 
during installation of the specific project. The downside is that it requires a 
larger organization, and since personnel are scarce in this industry, team 
members will be forced to take on other assignments or, worse, will transfer 
among job offers to get more lucrative positions. 

Finally, it should be noted that entering and exiting such a team can be 
very difficult. Many believe that team-based project management (PM) 
is significantly better since the team members know one another and 
the strengths and weaknesses of their colleagues. This will lead to a team 
integration that over time will prove superior to the matrix organization. 
In Figure 5.2, the organization is taken out of the main organization as a 
team, and the project manager for Project 2 has her own organization 


buildup. 


CONTRACTING PRODUCTS AND SERVICES 


As we said before, project planning and preparation also include contracting 
of the products and services that the sales and planning departments have 
included in their tender and project specifications. The proper way to secure 
continuity is to have the sales department make sure that all of the offers from 
sub suppliers—whatever the type of goods or services have been sought— 
will be valid through the tender period and through any possible extensions 
of validity after the company has been chosen as the final supplier of the pro- 
ject deliverables. The sub suppliers should still be able to deliver according to 
their original offers to the company. 

In this way, PM will be able to finalize negotiations with the sub suppliers 
and can then secure what was offered to the client as the solution chosen for 
project execution as originally intended. This is very much like a normal 
tender process, where the scope of supply for the sub supplier was detailed 
in a formalized tender document in order for the sub supplier to fill out the 
scope of supply (SOP) and thereafter for PM to be able to compare and 
choose the proper supplier for the work. 

For this work, a planning and engineering resource will always be nec- 
essary, since this department originally developed the SOP and the proper 
solution for the SOP, as well as the chosen sub suppliers from which the 
company requested a bid for the work. Table 5.1 shows what the process 
would look like. 

As shown in the table, the sales and project management departments 
interact in the final phases of the bidding and contracting process. When 
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Table 5.1 Planning and Contracting Process 
Phase/ Project PM 
Stakeholder Tender Takeover Negotiations Outcome 
Sales Produce and After Succesfully 
submit bid awarded, finalize tender 
hand over and contract 
to PM the project 
Project Assist in final Participate Negotiate sub Take over 
management stage in takeover supplier bids and execute 


from sales 


project 


Sub supplier 


Submit offer 
to bid 


Hold and/ 
or validate 
offer 


Bid according 
to PM tender 
and negotiate 
contract 


Enter into 
contract as 
sub supplier 


and deliver 


SOP 


the contract is finalized, the sales department exits and thereafter PM is re- 
sponsible for the process and the project moving forward. In this way, the 
project manager can work out his own schedule based on the master plan- 
ning that the sales and planning departments have made and _ possibly 
negotiate better terms with the sub suppliers before starting the work. In that 
way, the project manager will be able to get some financial and/or time sav- 
ings, since he can focus on the detailed parts of the project with every single 
sub supplier and negotiate in more detail before entering into a contract with 
the sub supplier. 


DEVELOPING PROJECT HSE PLANS AND PROCEDURES 


The HSE department will have made a plan for the HSE work specific to 
the project. However, this plan is not as detailed as it will have to be during 
project execution. For the installation contractor, it will be a matter of 
demonstrating that the HSE system is there, in working order, and suitable 
for project execution. However, the building permit is very onerous 
in terms of the specific project requirements, and the “general” statements 
that have been made during the sales process will have to be developed 
into project-specific plans, procedures, and working instructions. This 
will have to be done by the PM in cooperation with the HSE department. 
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First and foremost, the HSE plan will have to be detailed in such a 
manner that the responsible authorities can evaluate whether the company 
is capable of working in the offshore wind industry without risking lives 
and limbs of the workers. Then a set of certificates, ranging from vessels cer- 
tificates on trading, safety on board, environmental policies (e.g., waste man- 
agement, oil spills, antipollution certification, and method statements of the 
vessel(s) that will be used) must be demonstrated. 

The building permit will have stated the client’s requirements at all stages 
of the operation. These requirements will also be the set of HSE boundaries 
within which the project manager will have to work. Is this feasible? Can he 
operate the vessels, crews, and components in an order where he can safely 
and effectively finish the project on time? 

The HSE plan and method statements, such as a safety handbook for the 
project, waste management plans, and so forth, will be developed in order to 
respect the rules and regulations, as well as the specific requirements in the 
building permit. This can be a reasonably complicated process, where things 
such as bird migration and marine mammal breeding areas come into play. 
These are also part of the environmental boundaries under which the project 
must be built. They will have to be coordinated with the weather windows 
that make working offshore safe and the time schedule that has been sold to 
the client. 

If this is not the case, then money will be lost, one way or the other—as a 
result of time wasted because of inclement weather or other limitations or 
due to cost overruns from unforeseen or badly handled incidents that occur. 
The bottom line is that the buck stops at the project manager; this is why she 
has to be very experienced, sometimes cold-blooded, and multiskilled in 
order to see the problems and challenges of the project as it is spread out 
in detail. 


DEVELOPING QA/QC PLANS AND PROCEDURES 


The QA/QC plans and procedures will have been part of the tender, if for 
no other reason than because the single component passes through a large 
number of hands before it is fitted on its final position offshore on the site. 
The client will always want to ensure that any damage to a component is 
addressed immediately and the responsibility is made clear and claims issued 
to the responsible party. 

As with the HSE plan, the QA/QC plans have to be developed into a 
sensible set of interface documents that clearly define what is checked, what 


78 Offshore Wind 


the handover state of the component was, who checked it, how the com- 
ponent was handled, and so on. Chapter 6 discusses in detail the what, who, 
where, and when of each operation, so we just touch on the subject here. 
However, it is a very important, if not the most important, part of the work 
done by the QA/QC department since this work will directly affect the bot- 
tom line in the project. 

If the QA/QC methodology and interface management are not detailed 
properly, it will lead to more cost and aggravation since the client will require 
that any damage be covered. Even though a construction all risk (CAR) in- 
surance policy is always taken out for the entire project, the insurer will have 
regress toward any contractor or supplier who delivers defective work or 
products. For this particular reason, QA/QC documentation is carried out. 


DETERMINING METHODS AND REQUIRED EQUIPMENT 


Surely the sales department has been in touch with the project management to 
determine what equipment is necessary to carry out the various parts of the work 
in order to deliver the scope of work (SOW) for the project. And surely the sales 
department has been informed of the resources and capabilities of these. But put- 
ting it all—the rented resources and equipment from the sub suppliers and the 
same for in house—into one contract and making it work together is more dif- 
ficult and requires detailed planning. This is the project preparation that the pro- 
ject manager will have to do to be able to fulfill the contract SOW. 

First, a set of guidelines under which the work must be carried out needs to 
be prepared. In this instance, the guidelines set out the main operations: which 
vessels are actually being used, how many components will be transported, how 
the components will be reassembled and stowed onboard, and how they will be 
installed offshore once the installation vessel arrives onsite. 

Of course, this work is much more detailed, but once you have agreed on 
the principle, you have a solid base to work from. And just to be clear: What 
the sales department has developed for the bid may not necessarily be the so- 
lution that is chosen in the end. On more than one project we sold one solu- 
tion, and then during the project planning, PM changed it because there was a 
better time schedule to be made or time to be saved if we went for an alter- 
native solution. But once the main guidelines, or parameters, for the project 
have been established, the next two items can be determined: the balance of 
plant (BOP) and the final project time schedule. 
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DEFINING THE BALANCE OF PLANT 


As we mentioned before, the BOP will be determined during the tendering 
and contract negotiation process. But the changes in the project execution 
planning as they were stated when the methods and required equipment 
were determined will be included in the final BOP. This is because the pro- 
ject manager ultimately has the responsibility for the transport and installa- 
tion of the components, and therefore she must decide which equipment is 
to be used and how. 

So in order to be responsible for the process of installing the components 
offshore, the project manager needs to ultimately decide, along with the 
client, who may very well be a component supplier. Normally, this would 
be the case if the company is installing foundations, turbines, cables, or other 
items on the wind farm offshore. 

The BOP is huge for an infrastructure project like an offshore wind 
farm. The number of vessels transporting to and from ports; installing 
offshore; guarding the offshore site; transporting installations; commission- 
ing crew, marine surveyors, client representatives, and spares; working on 
the preassembly site onshore; monitoring traffic; coordinating vessels, 
trucks, and cranes; and managing people is impressive. Ona site today, be- 
tween 500 and 2000 people would likely be working for a shorter or longer 
period. It is the job of the project manager to keep track of everyone, the 
project’s progress, and the safety and quality of all the work going on. 

The BOP consists of three parts: 


* Hardware, such as vessels (installation, crew, hotel, guard, tugs, survey, 
cable, dredging, surveying), cranes, trucks, areal platforms, forklifts, 
and so on, and all the consumables connected with operating them 

* Infrastructure, such as port(s), access routes, offshore site, preassembly site, 
and offices 

* Human resources—the personnel who fit into all the various listed units 
mentioned in the two first items 


So even if the sales and planning departments have done a lot of work, the 
remaining part—detailed engineering in this case—will have to be carried 
out by the project manager prior to commencing the onsite work. This part 
of the work will be very time and resource consuming. 
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The preparations for an offshore wind installation project will start at 
least one year before. Usually the vessels will be contracted first, since they 
are key to the installation process. If they are not secured immediately, the 
project may be jeopardized. The key piece of equipment is always the in- 
stallation vessel, mainly because it has the capacity to do so but also because 
the time schedule is related to this particular piece of equipment more than 
anything else. So if this fails to materialize, the project will most likely not 
finish on time. 

The remaining BOP will also have to be contracted—or employed at the 
earliest possible stage after the contract is awarded. Human resources will 
have to develop all of the method statements, work order descriptions, in- 
terfaces, safety procedures, and so on in order to receive a permit to carry out 
the work once mobilized on site. 

The balance of plant is, of course, more than just hardware. Personnel 
and planning are the key factors to a successful installation program, and 
the careful planning of processes will determine whether the project finishes 
on time or will suffer delays. 


CREATING THE FINAL PROJECT TIME SCHEDULE 


The second important part is the results from the decisions on methods and 
BOP—the project time schedule. Once the BOP and method of installation 
have been chosen, the project manager will look at the installation times for 
all parts of the project relating to the process from preassembly to final onsite 
cold installation. The hot installation or commissioning is always carried out 
by personnel working for the turbine supplier since that supplier will have to 
warranty the turbines for the first five years of production. 

So, for this purpose, the project manager has recruited a number of per- 
sonnel who will either work on the installation vessel from cold commis- 
sioning to delivery or from hot commissioning and also to delivery to the 
wind farm owner (Figure 5.3). For the project manager, in this case only, 
installation until cold commissioning will be considered. There are four 
items that, in general, determine the overall installation time schedule. 


The Choice of Equipment 


What will the vessel carry? How fast can it go? What is its jacking and in- 
stallation capacity? We discuss the specifics of vessel characteristics in 
Chapter 12, but for now these questions are what we would consider. 
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Figure 5.3 Loading Siemens 2.3-MW turbines on Sea Power. 


The Turbine Type 


In a sense, each type has a specific preferred method of preassembly and in- 
stallation. If the turbine can only be transported in a large number of parts, 
the installation time will take longer, and therefore this will have a great deal 
of influence on the timetable for the following reasons. 


Installation Time 

Normally the number of components to be installed offshore should be as 
low as possible. So, the optimum is to prepare as much as possible onshore 
before loading up the vessel and going out to the site. 


Necessary Weather Window 

The installation will need appropriate weather conditions and the amount 
of possible downtime should be considered. The longer it takes to assemble 
the turbine, the higher the installation vessel operational parameters have 
to be. If the weather window needed is around 48 hours to install the tur- 
bine, but the vessel will require the waves to be less than 1.2 m Hs, the 
amount of downtime on an exposed site will increase because the longest 
statistical weather window of this Hs is only 36 hours. This means that 
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the vessel will have fewer good weather periods available to install the tur- 
bine. There are therefore only two options: increase the length of the instal- 
lation period or contract an installation vessel with a higher weather criterion 
for operation. 


Onsite Metocean Conditions 

As we said before, metocean data onsite will influence the program and may 
result in downtime offshore. If the combination of waves, wind—which of 
course is the main reason why the wind farm is installed in the particular 
location—currents, and tides is unfavorable to the installation spread, the in- 
stallation program will take longer. So the installation vessels must be suitable 
to the conditions onsite, or the program of installation will suffer due to the 
lack of suitable weather windows. The only way to resolve this problem will 
be to hire more rugged vessels; but, they may not be available. If they are, 
they will cost significantly more. 


Distance and Navigation Time 

The distance to the staging port and navigation time are challenges. The ves- 
sel loading and transit capacity will result in a set number of trips to and from 
the site with components. As an example, a vessel that can carry 5 turbines 
will have to travel to the site a minimum of 16 times to install 80 turbines. 
This means navigating the route between the port and the site at least 
32 times. If the distance is 50 nautical miles (NM) and the speed of the vessel 
is 6 knots, the time consumed will be 32 x 50/6 = 267 hours, or 11.1 days. If 
the speed is 10 knots, however, the time spent is only 160 hours or 6.66 days. 
This will be reflected in higher costs, but more significantly, the weather 
window must be somewhat longer if the vessel is slower because it will take 
longer to reach the site. 

For example, 50 NM can be transited in 8 hours and 20 minutes with the 
slower vessel, and in 5 hours with the faster. This means that the weather 
window must be at least 6 hours and 40 minutes longer (the vessel has to 
go back again). Therefore, the distance to the staging port is a significant 
parameter. 

Figure 5.4 shows the principal setup of a detailed time schedule. Once the 
loading, transporting, and installation sequence of one load of turbines—in 
this case, three turbines per trip—has been developed, it is possible to create 
the overall installation time schedule by repeating the sequence, adding the 
appropriate weather contingency to the plan as you go through the project. 


Project Preparation 83 


[Installation ofturbine #1300 8 |) "Sat 04.09.10 Sat 11.09.10 
y 8 | Jacking and preload harbor Thr) Sat 04.09.10 | Sat 04.09.10/5 
y 9 | Loading of 3 x 2 tower sections, 2 nacelles, 2 18 hrs Sat 04.09.10 | Sat 04.09.10 | 8 
| 10 | Preparation for sea transport 2 hrs Sat 04.09.10 | Sat 04.09.10 9 
; it | Jack down 05 hrs Sat 04.09.10 Sat 04.09.10 | 70 
| 2 | Sea transport Nyborg - Baltic | (112 sm) 75 hrs Sat 04.09.10 | Sun 05.09.1017 
| 13 | Positioning Thr) Sun 05.09.10 Sun 05.09.10 | 12 
| 14 | Jacking and preload 1hr| Sun 05.09.10} Sun 05.09.10 | 13 
| 15 | Preparation for lifting WTG 1 Thr) Sun 05.09.10; Sun 05.09.10 | 14 
; 16 | Lifting and installation of tower section(s) Shrs| Sun 05.09.10) Sun 05.09.10 15 
na Lifting and installation of nacelle 5 hrs 
; 7 | Lifting and installation of rotor 4 hrs x 
a Jack down O.Shrs) Mon 06.09.10 Mon 06.09.10 | 18 
| 20 | Repositioning 2hrs| Mon 06.09.10 Mon 06.09.10 | 19 
| 21 | Jacking and preload 1hr| Mon 06.09.10 Mon 06.09.10 | 20 
| 22 | Preparation for lifting WTG 2 Thr Mon 06.09.10 Mon 06.09.10 | 21 
; 23 Lifting and installation of tower section(s) Shrs| Mon 06.09.10|  Mon06.09.10 22 
| 24 | Lifting and installation of nacelle Shrs| Mon 06.09.10 Mon 06.09.10 | 23 
| 25 | Lifting and installation of rotor 4 hrs | Mon 06.09.10 | Tue 07.09.10 | 24 
| 26 Jack down OShrs|  Tue07.09.10| Tue 07.09.10 | 25 
Repositioning 2hrs Tue 07.09.10 | Tue 07.09.10 26 
| 28 | Jacking and preload Thr Tue 07.09.10 Tue 07.09.10 | 27 
| 29 | Preparation for lifting WTG 3 Thr Tue 07.09.10 Tue 07.09.10 | 28 
| 30 | Lifting and installation of tower section(s) Shrs) Tue 07.09.10 Tue 07.09.10 29 
| 31 | Lifting and installation of nacelle 5 hrs Tue 07.09.10 Tue 07.09.10 | 30 
| 32 | Lifting and installation of rotor 4hrs Tue 07.09.10 Tue 07.09.10 31 
Jack down O.S hrs Tue 07.09.10) Tue 07.09.10 32 
| 34 | Retum to harbor (112 sm) 15 hrs| Tue 07.09.10 | Wed 08.09.10 | 33 
| 35 | Contingency 3.12days | Wed 08.09.10 Sat 11.09.10 
| 36 | Weather (35%) 2.38days Wed 08.09.10 Fri 10.09.10 | 34 
Cable contigency (7.5%) 0.36 days Fri 10.09.10 Sat 11.09.10 | 36 
| 38 | Technical (6%) 0.28 days Sat 11.09.10 | Sat 11.09.10 | 37 
39 Turbine supplier contgency 2.5 hrs Sat 11.09.10 Sat 11.09.10 38 


Figure 5.4 Example of a time schedule. 


In this way, a very reliable time schedule can be developed, and the program 
should be solid and able to be carried out in the allocated time. 

So when balancing out the various pieces of equipment and resource 
allocation, the project manager and his team are facing a giant puzzle where 
all of the parts are variable. If one part is changed, it will make an impact on 
the other parts. Such changes are not necessarily intended but are a conse- 
quence of changing parameters. This exercise creates some interesting 
problems that must be dealt with. 


Auditing the Contract Suppliers 


Once all of the contracts with suppliers and sub suppliers have been final- 
ized, the project can commence. In order to start up the project, an audit 
of all hardware, software, and human resource must take place. This means 
that the project manager will have to physically inspect all of the suppliers 
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and their equipment prior to starting the project. This is normally done 6 
months to 2 weeks before the contract in question becomes effective. 

For the installation vessels, in particular, an “on-hire survey” is carried 
out. This survey is ideally a combination of certificate control and an inspec- 
tion of the vessel to see whether it is fit for the purpose, in good shape, and 
no outstanding repair or maintenance is needed. This is important because 
you do not want to stop in the middle of the project in order to repair de- 
fective equipment. Surely the vessel will go “off hire,” but you have the en- 
tire spread of equipment, personnel, infrastructure, and components coming 
into the staging port and it will start piling up. 

This is very costly indeed, and even though the repair may be only a few 
thousand euros, the downtime cost is more than a million per day. So re- 
member to carry out a thorough inspection of the equipment you rent 
because if the shortcomings or damages were not noted in the on-hire sur- 
vey, it will be a part of a claim when the project is finished and the vessel is 
“off-hire” surveyed. 

The same principle applies for all matters in the project, but the 80/20 
rule applies, and 80 percent of your problems will arise from 20 percent or 
less of the plant, starting with the installation vessels, should they not 
function properly. We discuss on- and off-hire surveys in more detail in 
the following section. 


IMPLEMENTING PLANS AND PROCEDURES FOR SUPPLIERS 
AND CONTRACTORS 


The contracted supplier, contractors, and subcontractors will have to be 
made aware of the plans and procedures of the project that they are about 
to enter into. Even though all of the information that the wind farm owner 
has gathered in the form of permits, data, and so forth is made available, the 
end result will be a contracted scope of work. Here, the individual contrac- 
tor and supplier will have to adjust to a final project framework where 
some of the contractor’s requests and ideas will be accepted. In general 
the individual company has to adapt to the overall program that the project 
management puts together. 

The final program is made by the project manager at the project’s leading 
company. As an example, the project could be multicontracted, with a num- 
ber of individual companies delivering the completed work in order to 
install the wind farm; the program will be determined by the owner. 
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If, instead, the wind farm owner decides to go down the EPIC route of 
contracting, the EPIC contractor will define the program and plan every- 
thing according to the main schedule of the owner. Usually this is deter- 
mined at the time of the tender offer or agreed to at the project award 
date to the EPIC contractor. He will then coordinate all of the activities 
moving forward and certainly make all of his subcontractors and suppliers 
aware of what their duties will be during the project, including the program 
and the plans; that is, HSE, QA/QC, and other important items to complete 
the work in a safe and cost-effective manner. 


PREPARING ON- AND OFFSHORE CONSTRUCTION SITES 


Preparation begins with contacting the owners of the onshore site; generally 
it will be the port where the components are unloaded and the staging port 
for the project, provided they are not the same. The offers made for the pro- 
ject bid during the tender process must be made firm and the area must be 
contracted with a set of deliveries that will satisfy the wind farm owner, the 
authorities, and the contractor who rents the area—onshore. 

Preparing a construction site is normally a straightforward job: measuring 
out the area, making a plan for activity areas, dedicating the various purposes 
of work, pointing out storage areas, defining site roads and access routes, and 
so on. Until now this is the same for a staging port for an offshore wind farm 
project. However, there are some issues that make the work here different 
from other construction sites, including the following. 


Security 


The staging area and the port of unloading are indeed PORTS! Since 2001, 
the security levels in ports all over the world have increased dramatically, and 
this is somewhat problematic to deal with for the project manager in the 
staging or unloading port because she must fence in the entire area and 
account for all personnel who are working in the port and on the project. 
With possibly 500 people or more, this is not an easy task. People enter and 
leave, but not always through the front gate. 

As discussed before, ports are subjected to the International Standard for 
Port Security (ISPS) code, and every person entering or leaving the port—or a 
vessel in the port—must be accounted for with personal details, company ref- 
erences, and the type of business to be carried out. So consider the following. 
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A person enters the front gate of the staging port to go onboard the installation 
vessel to go to the site offshore and carry out work. After finishing the work 
offshore, she must return to the port, but the installation vessel stays out there 
to finish other small jobs in order to be able to hand over a section of the work. 
The person in question, however, is offered the chance to go to the port in a 
crew transfer boat, which she does. But the crew transfer port is not the staging 
port. (Typically the staging port is a large port in the area where the wind farm 
is installed, but the crew transfer port is the closest possible small port where a 
20-m crew boat can dock.) 

So now one person left the port that she entered from the shore but leaves at 
another port, possibly to enter the staging port the next morning to work. This 
means she entered twice without leaving, so the record of the port security will 
state that she exited, but there will be no record of entry because she entered 
via the staging port. 


To satisfy the requirements of the authorities, this creates a massive 
necessity for control. It is now dealt with through a very broadly designed 
software tagging system that records the whereabouts of all personnel using 
chip identity cards and monitoring points at every entry and exit possibility. 
But this is an interesting procedure, where there are many opportunities for 
mistakes. 


Ground Preparation 


Once the port—whether staging or unloading—is chosen, the suitability of 
the area must be documented and established. In some ports the ground- 
bearing capacity is not sufficient to handle the axle loads of the trucks and 
trailers moving the components around. So for that matter, it may be the 
closest port to the project, but it requires attention to its infrastructure, such 
as bearing capacity. This is normally dealt with by repaving the surface, a 
contract cost that can be considerable. 


Piers and Waterfronts 


The pier where the unloading and preassembly of the components takes 
place must be capable of carrying the components and the machinery han- 
dling it. This is normally also dealt with by finding a port with sufficient 
bearing capacity or upgrading the port of choice. Occasionally, a port is 
not capable of delivering either option. Previously, at least one project 
had last-minute changes due to the lack of pier bearing capacity. Instead 
of using the installation vessel crane to load the turbines, two very large on- 
shore cranes had to be contracted to load the turbine components onto the 
installation vessel, as can be seen in Figure 5.5. 
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Figure 5.5 Crawler cranes offloading equipment to the transport vessel. The installation 
vessel is waiting on the right side of the photo. 


The reason was that the pier could not support the weight of the trucks— 
not even the truck that bunkered the installation vessel, and this truck was 
street legal. So the careful selection of port and a detailed description of the 
required infrastructure capabilities should not be neglected. Notice the dis- 
tance to the two onshore crawler cranes offloading the transport vessel. The 
pier looks very nice, but it could not carry the weight of the components. 
The cost of the loading operation in this case went into extremely high 
figures. 


The Seabed in the Port 


This is an important consideration because the installation vessel will nor- 
mally jack up (if fitted with legs) in port to load components onboard. In 
this way, the loading goes a lot faster because the vessel will only have to 
worry about stability after completing the loading procedure. If afloat, the 
vessel will constantly have to move water ballast around in order to compen- 
sate the shifting of loads. Ballasting takes much longer and is very 
complicated. 

The jack-up can determine where all the load has gone before jacking 
down and thereby determine the loading conditions and the related stability. 
But a port is not the ideal place to jack up. Normally, the sheet piling that 
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forms the steel barrier to keep the ground in place is only driven far enough 
into the seabed to hold the pier in place. But the jack-up will make holes in 
the ground where the legs and their spudcans penetrate as a result of the high 
pressures. 

In the beginning, this may not affect the sheet piling, but when the legs 
are retrieved, there is no ground in front of the base of the sheet piling, at 
least not where the legs penetrated the ground. This means that the sheet 
piling will move forward at the bottom and the entire area of the pier will 
sink. It might not sink immediately, but when heavy loads are placed on top 
of the area where the sheet piling was undermined, it will sink. 

This is exactly the case for the staging port. Heavy loads will repeatedly 
be placed in the same area, and if not addressed, this is an accident waiting to 
happen. So normally two precautions are taken: 


1. The installation vessel moves away from the pier before jacking in order 
to create a minimum distance to the sheet piling to avoid undermining it. 

2. A stone cushion is dumped on the seabed to create a hard, firm base to 
jack the vessel on. 


So in short, onshore preparation at a minimum should address the fenc- 
ing, security, paving, preservation, and stone dumping issues prior to starting 
work, but the main issue is still missing: creating the work layout for the stag- 
ing area to receive, store, preassemble, and load the components. This is 
done by designing a site plan as shown in Figure 5.6. This plan is for 
unloading the wind turbines for a small project. But even if the number 
of turbines is not significant in future terms, the staging area is no less 
impressive. 

Preparing the offshore site is in some ways a bit easier. The main issue is, 
of course, that it is situated on the water, so fencing in will mainly be placing 
navigational buoys so as to surround the exclusivity zone, which is normally 
the construction site circumference plus an additional 500 m outside this. In 
addition, notice must be given to mariners that something unusual is going 
on with navigational restrictions that they will have to observe. 
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Figure 5.6 The layout of a loading pier for an offshore project. Notice how crane tracks 
and positions of preassembly areas are laid out to facilitate fast and easy access to the 
installation vessel. Courtesy of EnBW, Baltic 1. 
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Lifting the third blade for a 3-MW Vestas nacelle vertically in order to insert it into the hub. 
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Exchanging a gearbox as part of a repair campaign in an offshore wind farm. 
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Lifting components, such as bolts and consumables, onboard the M/V Resolution. 


CHAPTER SIX 


Project Execution 


With all the preparations discussed in Chapter 5 and time to the starting 
point getting short, project management (PM) must make sure that the ac- 
tivities can and will start smoothly, as planned. A number of items must take 
place at the beginning, and we have already touched on a couple of key 
items: auditing of suppliers and subcontractors and on-hire surveys. These 
activities will take place prior to the onsite startup in a pyramid type of 
organization. 


AUDITING 


The wind farm owner will audit the main suppliers with whom she is di- 
rectly contracting. They in turn will audit and survey their contractors 
and so on. This is illustrated in Figure 6.1. On-hire surveying of all suppliers 
is carried out both on their premises, if they are supplying materials and/or 
components, and when arriving onsite to deliver components or services. 
This is required because the supplier or contractor can be presented best 
in his own factory yard. 

When arriving onsite, however, the practices and equipment delivered 
may be less impressive or simply not suitable for the project. Thus, the 
owner audits the main contractor to determine whether the company actu- 
ally delivers what was agreed on in the contract and that the delivered equip- 
ment, components, and resources are actually fit for the purpose. 


Necessary Documentation 


The performance of an audit is extremely important for the installation ves- 
sel. Therefore, the owner or main client will access the vessel with a team of 
marine experts in order to control the following concerns. 


Certificates 

These can include trading permits, dry docking, last special surveys, class re- 
cords, MARPOL—the antipollution plan, SOPEP—the anti-oil spill plan, 
and so on. They should be complete and valid for the entire project period if 
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Figure 6.1 Auditing procedures. 


at all possible. If not, you may have to take the vessel out of service for a 
period in order to update these certificates, and this would create a delay 
for the project. 


Operation Manual 

This is the general operation manual for the vessel in order to operate as the 
type of craft it is hired for. For example, the jack-up vessel must have a man- 
ual stating how it is to be operated in all aspects of the offshore work it can be 
subjected to. 


Project-Specific Method Statement 

This is the document that describes the specific working methods of the 
project it is hired to carry out. It is necessary to have all approach routes 
for the individual turbine locations planned, the anchor patterns if they 
are required, jacking operations (the specific soil data for the site will deter- 
mine how the vessel is to be jacked up), how long the preload times are, and 
what the thresholds for canceling the operations should be. 

Further, you must describe the lifting operations; the installation proce- 
dures that the vessel will undertake, such as lifting loads, seafastening loads, 
and sailing with the components on deck; the maximum weather criterion 
the vessel can manage with the components on board; and so on. This 
method statement should be developed well in advance of the project start 
and handed over to the authorities by the client or the wind farm owner, 
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whoever is the charterer, for approval and returned to the vessel where the 
officers and supervisors should familiarize themselves with its contents. 


Health, Safety, and Environmental Plan 

This is of paramount importance. If the vessel does not operate with a valid 
and approved HSE plan, it will not be permitted to work offshore at the pro- 
ject. As said before, the client and the wind farm owner will develop a project- 
specific HSE plan based on the building permit that sets out the criterion for 
the plan and work onboard the vessel. The HSE plan must be fully 
implemented, and the crew must be familiar with it. 


Working Instructions 

The crew on deck must know exactly what type of work they will have 
to perform within the project. This should be explained in a simple and 
straightforward manner in the working instructions. They must be present 
at all work stations and easily navigated by the crew in order to quickly and 
effectively understand their duties in a specific working situation. Special 
attention is always given to hot work and work in confined spaces, where 
there is an increased risk of accidents (Figure 6.2). 
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Figure 6.2 Accidents can happen anywhere, anytime. The risk of things going wrong is, 
of course, reduced when using detailed working instructions. Courtesy of P. Pedersen. 


96 Offshore Wind 


General Condition Surveys 

This is a view of the general condition of the vessel. It should be functional, 
clean, and tidy; have all the agreed-on equipment; and all dents in the hull, 
paint damages, and so forth should be documented. If this is not done, the 
vessel owner could claim that damage happened during the charter. If it is 
not recorded prior to delivery, it will be difficult to prove when any damage 
occurred, and the vessel owner could claim compensation. 


Fuel and Lube Gauging 

It is very important to measure the contents of fuel and lube oil onboard the 
vessel at the on-hire survey. The fuel tanks could easily contain 200 or 300 
tons of oil and at a cost of 700 to 900 euros per ton, fuel cost is a significant 
item. So if the tanks are not gauged on arrival, there is a risk that the charterer 
will pay for more than what is used. 


Special Equipment 

The vessel has a crane, jacking equipment, and seafastening onboard, which 
carry a very high dollar value. This equipment is crucial for the operation of 
the vessel within the project and must be scrutinized carefully for defects 
and/or damages. Furthermore, the seafastening is almost always paid for 
by the client and therefore should be in perfect working order. It should 
be noted that the marine warranty surveyor (MWS) will be present during 
the on-hire survey, and some of the main areas of expertise and interest are 
the special equipment, the certificates, and the general condition of the 
vessel. 

Normally, the on-hire survey is done within a two-day period. This 
seems short, but the number of tasks that must be performed are planned 
well in advance, and the focus is on the areas where you would usually— 
as the experienced surveyor—expect to find problems. 


PROJECT STARTUP SEQUENCE 


Once the on-hire survey is properly carried out and the punch list (1.e., 
points identified in the on-hire survey that have to be rectified prior to pro- 
ject start) is worked through, the project can commence. It is logical that the 
on-hire survey is applicable for all contractors and their scope of work, so the 
fact that one contractor—in this case, the installation contractor—is ready to 
start working does not in itself mean that the project can begin. First, when 
all of the relevant contractors (relevant to the work scope—in this case, 
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installation of components) are cleared and ready to start working, the pro- 
ject can commence. 

The commencement of the project must follow a proper sequence, 
which is given by the overall time schedule for the work. If this is the in- 
stallation of the foundations, the time schedule will start when all of the 
equipment relevant to the scope are surveyed and approved to start. 

The first work to be carried out is the loading of the initial components— 
in this case, the foundations. The first complete load of foundations must be 
ready on the pier for unloading in order to avoid waiting time for the instal- 
lation vessel. Therefore, onshore preparations will have to run ahead of the 
survey of the offshore equipment, because if they are not, you will experi- 
ence waiting time for the first load. If this happens, the onsite installation 
contractor can make a claim for waiting time immediately; this should, of 
course, be avoided. 


Shore-Based Preparations and Progress 


To get started without waiting time after the mobilization and on-hire sur- 
vey of the installation equipment, the first load of foundations—or turbines, 
for that matter—must be prepared on the pier beforehand. The agreed-on 
number of components will be placed on the pier in a setup that allows the 
crane onboard the installation vessel to lift them without having to move 
around too much or to relocate the vessel. 

Care and attention should be taken to make the operation run smoothly so 
that the installation vessel can load, seafasten, and exit the port in the shortest 
possible time. As we saw in the detailed time schedule in Figure 5.4, the time 
for loading is already preset in the plan. It is therefore crucial that the instal- 
lation vessel does not have to wait for components to be ready. If this is the 
case, the contractor will immediately make a claim for delays. 

This is important because the contractor will surely encounter bad 
weather conditions at the offshore site at some point. And if there are waiting 
times in port for loading or preparing components that have to be loaded up, 
two things will happen: 


1. The contractor will offset the waiting time incurred in port against the 
downtime offshore. 

2. The contractor will claim that usable weather windows that were missed 
due to delays in loading the vessel were the cause of the delay and there- 
fore not part of any claim for delays the client or wind farm owner has 
against the supplier. 
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In fact, the claim for loss of usable weather windows is very likely, partic- 
ularly if the project is carried out in marginal weather conditions, which 
is often the case. 

Logically, the cost involved in such cases is high, and therefore the 
minute calculation of downtime for delays and/or weather is carefully 
noted. Chapter 13 is devoted to the port operation, the layout, and the 
work to be carried out during the project. 


Offshore Site Preparations and Progress 


Prior to commencement of any work, the offshore site must be prepared. 
The area should be clearly designated with navigational aids such as buoys 
and other markings. A notice to mariners must be issued, stating that the area 
is a construction site for a period of A to B and that it is closed off to 
commercial as well as leisure crafts and vessels. This is all part of what 
the authorities set out in the building permit. 

The requirements are quite onerous and specific. This is because most 
of the areas in which wind farms are installed offshore are close to onshore 
areas with reasonably dense populations, and marine traffic will also be 
heading for these areas. One example could be Hamburg, Germany, where 
the Elbe navigational channel ends in the southern North Sea, and the 
majority of the German wind farms offshore are in the area of very 
busy shipping lanes in and out of northern Europe. If you start putting 
up a wind farm without notifying the mariners in that area, you will 
quickly get into trouble with unplanned activity from some large 
container ships. 

In the case of, say, German waters, the national or regional maritime 
authorities—Wasser Schiffarts Amt (WSA) or Wasser Schiffarts Direktion 
(WSD)—have to be notified, and all your activities will have to take place 
according to the guidelines contained in the permit. This makes sense 
because they are the main authority for seagoing traffic in and out of 
Germany. 

The next task you will be required to do, or have done, is a seabed survey 
to determine the issues that follow, not only for operating the equipment 
during the installation but also, as described in Chapter 11 for foundations. 
The seabed survey is, of course, carried out first to give designers a set of 
parameters to determine the right type and size of foundations. But in the 
project execution phase—and prior to that, the tendering phase—seabed 
surveys will give the installation contractor, regardless of which type of 
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job is being carried out, the necessary information to develop plans and 
procedures. 

So to work offshore on the installation site, you must have access to and 
evaluate the survey data described in the following sections. 


Seabed Scan 

Normally, this is a side scan to a depth of around 5 m, which will give you, as 
the contractor, details about the top layers of sediment. Furthermore, it will 
tell you whether there are any hidden objects in the top layers that a jack-up 
or cable plough could hit during the installation. This is very important be- 
cause the contractor might hit an old wreck or, even worse, unexploded 
munitions when either plowing the cables through a wreck or jacking a 
leg down on top ofa bomb previously dropped from a warplane. So, in gen- 
eral, a seabed scan is required in order for the insurance company to let the 
contractor work on the site. 


Cone Penetration Test 

The cone penetration test (CPT) is where a pilot hole is drilled into the sea- 
bed and a special cone is then driven through the hole into the ground. The 
cone is calibrated against various layers of sediment; this exercise can tell you 
more about the density and composition of the various layers in the seabed. 
This will give you a very good idea of whether the vessel can stand on the 
ground and jack up or, if it penetrates the seabed, to what extent it will do so. 


Core Drillings 

These are actual core samples drilled out of the seabed and taken to a lab- 
oratory for examination. This type of testing will give the contractor valid 
data for the design of the foundation and also an exact description of the 
various soil layers where he will be working. 


The preceding three types of seabed investigations or surveys are the 
most common, so it should also be noted that each has a different cost. 
The seabed (side) scan is the least expensive, but for most cases, this is valid 
for installation contractors, since they work in the upper layers if they 
are firm. 

The CPT is more expensive because it generally requires more time 
and a jack-up to carry out the test. However, the results are far more 
informative, and combined with the side scan sonar, they usually form 
the major part of the design basis of the project. Also, combined with the 
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core drilling, which is work-intense and costly, the side scan sonar and CPT 
should be all you need. 

For the procedures of carrying out the three different types of investiga- 
tions, it should be noted that normally the pre-tender documentation is 
made up of a comprehensive side scan report of the complete site; a number 
of CPTs done at locations scattered over the entire site; and, based on this, a 
small number of core drillings where the CPTs have shown major changes in 
the seabed boundary layers. 

For the post-tender and actual offshore work, the contractor must have ac- 
cess to a core drilling for every location being worked—that is, for every foun- 
dation position on the site. If he does not have that, the contractor may risk a 
punch-through of the seabed because he is working from inaccurate data. 

The punch-through is when the seabed gives under the pressure of a 
jacking leg on the jack-up barge or the jack-up vessel ( ). This is 
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Figure 6.3 Punch-through of a jack-up barge. In this case nobody was hurt, and the 
jack-up was recovered later. Courtesy of P. Pedersen. 
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very serious and the worst-case scenario the offshore contractor can be faced 
with. For that reason mainly, the offshore contractor needs to have as much 
and as detailed information about the seabed as possible. 

Therefore, with the properly marked construction site in place, and with 
a set of approved jacking and access plans, you can start accessing it with 
installation and other vessels required to install the wind farm. For project 
management, however, it is important to constantly monitor and update 
what is going on at the offshore site. 


MONITORING THE ACTIVITIES 


When work begins offshore, progress must be recorded at every stage. This 
is true for a number of reasons, of course, but it is mainly in order for the 
various contractors to be paid for their work. For PM, and ultimately the 
wind farm owner, stages need to be known to start the wind farm in se- 
quence; to inspect the work done to secure proper delivery of the wind 
components, intact and in working order; and/or to penalize contractors 
who are late in their deliveries. 

The project monitoring program is therefore set up in a number of par- 
allel sequences, all focused around interface management, QA and QC pro- 
cedures, and the commercial departments of all stakeholders in the project, 
including banks and financers, to state what has been done, what state the 
work is delivered in, and whether the project is on time or not. 

Again, the time schedule is very important because it is the guideline for 
the entire work process. PM will gather and validate all information on the 
project progress to develop a real-time, accurate image of the status of the 
project. (This should be done as stated previously in Chapter 5, Figure 5.4, 
with regard to the pyramid type of documentation, where the various layers 
of project stakeholders report upward to their main clients and ultimately to 
the wind farm owner.) Once this has been done, project managers can eval- 
uate the status compared to the ideal scenario—the overall time schedule— 
and thereby report to the owner and issue payments or penalties, whichever 
is required. 

Furthermore, project management can issue warnings, claim penalties, or 
ask contractors and/or suppliers to speed up the work where appropriate. For 
this, PM must be well suited, and the set-up of this part of the organization is 
extremely important, since this is the only relevant place and body where de- 
cisions within the project can be made outside the normal scope of work for 
individual contractors. 
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PROJECT MANAGEMENT SETUP 


The setup of PM is important, as previously stated. Therefore, it is of some 
concern how this part of the organization works. As with everything in the 
world, everyone has his or her own preferences, but the following organi- 
zational setup has previously worked well. The reader is invited to form his 
or her own opinion on the subject. 

Referring to Figure 5.2 from project manager down, it can be seen 
that the project group is a dedicated one that does not carry out any tasks 
other than those related to the single project and the single project manager 
(Figure 6.4). 

The organization can be much bigger, depending on the service or prod- 
uct offered for the project. Figure 6.4 would be the typical organizational 
layout from the contractor’s side. The wind farm owner would require this 
type of organization for every work package and then add an extra layer for 
senior project management, as shown in Figure 6.5. 

For ease of understanding, the complete organization for the project 
has been left out of Figure 6.5. The main principle is that a complete top 
layer of management is allocated to the project in order to handle the 
many different scopes of work required to complete the project. And 
it doesn’t really matter whether it is the EPIC contractor or the wind 
farm owner who is depicted in the organization chart because in the real 
world, the two organizations will look identical. However, PM is now a 
complete scope of work for all the activities in the project. 


Project 
Manager for 
Project 1 


Project Project 
Secretary Controller 


Purchasing HSE Project 
Responsible Coordinator Assistant 


Purchasing HSE Site QC Site Site 
Assistant Manager Manager Supervisor 


Figure 6.4 The project organization as seen from the project manager’s position. 
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Project 
Director 


Project 
Secretary 


Work Package Work Package Work Package 


Foundations Turbines Cables 

Project 

Manager for 
Turbines 
Project Project 
Secretary Controller 
Purchasing HSE QA/QC Project 
Responsible Coordinator Officer Assistant 


Purchasing HSE Site QC Site Site 
Assistant Manager Manager Supervisor 


Figure 6.5 The project management as seen from the wind farm owner’s, or the EPIC 


contractor’s, side. 


This, of course, puts a lot more strain on the entire organization, and the 
requirement is for a large number of people who can interact in the project 
without losing sight of the common goal: to install the wind farm offshore. 


The management task itself becomes extremely complex in this case, and 
if you do not work out the chain of command properly, two things will 


happen. 


¢ The decision-making process and the ability to decide on behalf of the 
project become unclear. This means that whoever feels he or she is com- 
petent enough to make a decision will do so—or abstain from doing so. 
This has consequences because, in both cases, information is lost or 


distorted, which is devastating to the progress of the project. 
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¢ Since the progress line in an offshore wind farm project is very fast, the 
information has to be available almost instantly to have any value. Con- 
sider the case where the weather forecast from yesterday becomes avail- 
able today at 0700, where the work has been discontinued due to the lack 
of information on the applicable weather window. This means that an 
opportunity is lost, and claims for delays will be sent to everyone and 
his dog—as long as they are part of the project. 


A lost day in an offshore wind farm installation program can easily 
cost 1 million euros, so whoever is left with the bill will feel pretty bad 
and try to get rid of the expense. This is why monitoring the project in 
almost real-time updating is crucial. And even though the example is half 
bad—normally the weather forecasts are very reliable—the consequences 
of even small mistakes or slips will be very expensive. 

The decision to organize the work as just shown means that the individ- 
ual work package managers will have to be equipped with a clear set of 
instructions in order to establish: 


* Chain of command—who can decide what. It is not up to the work pack- 
age manager to decide whether something should be done in a specific 
way. The chain of command must be very clear in this case. 

¢ Span of command—what can the individual work package manager decide 
and what has to be carried to a higher level. 

* Coordination—daily coordination between the work packages must take 
place in order to ensure information sharing and updating. 


The final issue here is that the top management level must be very char- 
ismatic and strong. In previous projects, it has been the case that top man- 
agement was not equipped with a clear mandate from the line organization; 
this led to a vacuum in decision making that haunted the project throughout 
its entire duration. 

The really bad problem was that PM of the project hired in a large num- 
ber of work package managers at the same time, without defining the orga- 
nizational placement of the individual work package manager, his duties, 
and his span of command. This led to disaster: every work package manager 
tried to position himself or herself'as second in command altogether, and this 
was not the intention. 
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The final result was a project that was poorly carried out, a large fluctu- 
ation of personnel that came and went, and cost and time overruns that were 
very serious. Therefore, the organizational behavior, the span of command, 
and the project management should be carefully planned and, when hiring 
personnel, carried out by strong, available, and well-prepared top manage- 
ment. This, unfortunately, is not always the case. 
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Related Images 


Loading monopile foundations in port prior to sailing to site. The turnaround time 
is crucial to saving overall project time. Therefore timely planning of the process is 
required before startup of installation work. 


Preparing the next nacelle at the front of the pier. Note that the installation vessel has 
only just departed. 
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The feeder concept in practice. The components are loaded over from the transport 
vessel to the jack-up barge. 


Towers stored on the pier. Notice the concrete blocks acting as ballasts to keep the 
foundations firmly on the ground. 


CHAPTER SEVEN 


Interface Management 


What is an interface? It is, in principle, the point where one contract party 
takes over or hands over parts of or the entire work scope to either another 
contractor or to the wind farm owner. If you scour the Internet, the only 
valid explanation you will get is that an interface is a tool that allows two 
components to interact or correspond with each other. But this is not what 
we are looking for here. In our case, an interface is the borderline between 
two scopes of work, and this is how we will use the term in this book. An 
interface is also the point where the responsibility for a product or service 
passes from one contractor or work package to another. 


THE MAIN INTERFACES AND ACCOMPANYING 
RESPONSIBILITIES 


For a typical installation process, the interface identification is usually named 
and listed in an “interface matrix” (see Table 7.1) that indicates who is re- 
sponsible, who is to be notified, and who is to carry out a task. The table 
shows the typical interface matrix for the installation of the wind turbines 
offshore, but the one here only lists who is responsible for carrying out a task. 
However, the next task in the line will possibly be carried out by another 
contractor, and this constitutes a handover in the sense of responsibility 
changing hands. Please note that the contractor who hands over is also 
the possible receiver at a later stage. In this matrix, the turbine supplier hands 
over the turbine on the pier but receives it back on site. 

As Table 7.1 shows, a large number of interfaces are required just for 
fitting the turbine on the offshore position and hooking it up to the grid. 
A great number of these events constitute a handover to another contractual 
party, and it is logical that this must be managed in order to safeguard the 
deliveries of the individual contractors and, of course, the wind turbine 
generator (WTG) components themselves. 


109 
Offshore Wind © 2012, Elsevier Inc. All rights reserved. 


110 


Offshore Wind 


Table 7.1 Typical Interface Matrix 


Task 


Turbine 
Supplier 


Employer 


Installation 
Contractor 


Onshore Storage and Preassembly 


Transport of all WTG parts and related 
tools and support equipment to 
preassembly site in XXX 


xX 


Provision of the area for storage, and 
preassemble the WTG components 
inclusive surveys 


Supply turbine supplier with the area loads 
given by the harbor of XXX, including 
quay loads. Additional load calculations for 
the quay if requested by turbine supplier 


Harbor dues and taxes 


Required civil and electrical work within 
the preassembly area (potential quay 
modifications exclusive) 


xX 


Connection for telephone, Internet, 
power, water, sewage 


Provision of office and messing facilities 
for all turbine supplier personnel 
throughout the project—white collar 


Provision of office and messing facilities 
for all turbine supplier personnel 
throughout the project—blue collar 


xX 


Provide a web-based, weather monitoring 
and forecast system available for turbine 
supplier throughout the project 


Storage, handling, preassembling, and 
testing of all WTG components: 


1. Up-end tower sections and Premont 
internals, cables, and “power unit” 

2. Prepare nacelles with “met mast,” 
aviation lights, etc. 

3. Assemble rotors exclusive of spinner 
nose 


Provide frames to support upended tower 
sections at the quay side 
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Table 7.1—Cont'd 


Task 


Turbine 
Supplier 


Employer 


Installation 
Contractor 


Move WTG components to the quay 
(within reach of the vessel crane) in sets of 
three, and prepare for loading (inclusive 
mounting of lifting brackets and covers for 
towers) 


xX 


Supervision, hook on, and unbolting 
from temporary frames on the quay 
during loading of the installation 
vessel 


Remove WTG-related return goods from 
the quay 


xX 


Inspection of the individual components 
before loading 


Offshore Installation 


Vessel coordinator interfaces with 
relevant authorities and facilitates 
registration of personnel offshore 


Supply installation vessel inclusive of crew, 
crane operators, access arrangements to the 
components onboard and the foundation, 
generators, winches for line holders, and 
accommodation facilities for turbine 
supplier personnel 


Free issue of seafastening as it was at the 
completion of the Rédsand II project (no 
repair, maintenance, transport, or handling 
inclusive) 


Transport, handling, repair, modifications, 
and mounting of seafastening 


Supply flange measurement report before 
start of installation of the WTG 


Supply of foundation flange including 
measuring report 


Bolts and nuts for flange connection 


(Continued) 
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Table 7.1 Typical Interface Matrix—Cont'd 


Task 


Turbine 
Supplier Employer 


Installation 
Contractor 


Ladder arrangement forms internal tower 
base platform to internal foundation 
platform 


Service lift including fittings 


xX 


External stairs from tower door to external 
platform 


Mounting door stop 


xX 


x 


Removal of all protective parts from 
WTG and foundation when first arriving 
at foundation 


Supply specialized lifting equipment to 
install the WTGs 


Rotor lifting and transporting to quay- 
side (water front)—turbine supplier’s 
responsibility 


Rotor loading and seafastening to 
installation vessel; onshore crane supplied 
free of charge by turbine supplier 


Loading and seafastening of WTG 
components to installation vessel 


Transfer, positioning, jacking, preloading, 
and placing the gangway to the foundation 


Lifting planes and lift studies (drawings and 
descriptions of the respective lifts) 


Method statements for the crane work 
related to the installation of the WTG 


Method statements for the installation of 
the WTG 


Signaler (turbine supplier foreman) 
responsible for giving signals to the crane 
operator 


QA control of the individual component 
before lifting 


Unfastening from seafastening before 
installation lift on site 
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Table 7.1—Cont'd 


Task 


Turbine 
Supplier 


Installation 
Employer Contractor 


Supervision of unbolting from seafastening 
and installation of the individual turbine 


» 


Delivery of all tools required to install the 
WTG 


xX 


Lifting and installing WTG components at 
the destination 


Bolt connections and dismantle lifting 
equipment 


Electrical power for yawing the turbine, 
light, and tools 


Torque bolts and prepare turbine for 
transport 


Deliver and operate the required crew 
change vessels 


Toilet facilities on board vessels 


Cable Works 


Deliver and operate the transfer vessels 


Offshore transfer time and associated costs 
(ready for offshore transfer — on the 
individual foundation) 


Prepare “crane” on WTG foundations and 
load the required tools and parts 


Power supply for Racon in one WTG 


x 


Power supply for Met station in one WTG 


x 


Power supply for and connection of 
DAVIT 


Supply 33-kV cable from switch gear to 
sea cable termination point 


Premount 33-kV cable on switch gear 


Connect and test 33-kV cable from sea 
cable termination point until switch gear 
in WTG 


(Continued) 
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Table 7.1 Typical Interface Matrix—Cont'd 


Turbine Installation 
Task Supplier Employer Contractor 


Supply power for dehumidifier, light, lift, x 
and electrical tools for electrical completion 
and commissioning of the individual WTG 


Supply all tools and parts to complete the X 
cable works and commissioning lift 


Complete all cable works inside the WTG X 
and commissioning the lift 


Connect earthing cable between x 
foundation and tower 


Supply Ethernet switch and VoIP phones X 
Supply and route fibers, Ethernet, and x 
power cords 

Provide power supply for LAN, VoIP x 
Commissioning Works 

Deliver grid connection no later than x 
4 weeks before start of actual installation 
WTG commissioning 

Commission Ethernet switch and VoIP x 
phones 

Commission fiber, Ethernet, and power xX 
cords 

Commission power supply forLAN, VoIP X 


Commission 230 VAC/15A in 1 turbine X 
for turbine supplier’s radar 


Commission 230 VAC/15A in 1 turbine X 
for turbine supplier’s Met station 


Commissioning work and turbine start-up 


QA inspection and handover of the WTG 


Test on completion 


m1 x) xX | Xx 


Snagging 
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There are basically two approaches to the handling of interfaces and re- 
sponsibilities in relation to the transport, assembly, and fitting of wind turbines: 


1. Contract out to an EPC contractor 
2. DIY or multicontracting, where the owner takes over the responsibility 
as soon as possible and handles the interfaces personally 


Both scenarios have their pros and cons, as we will soon see. To explain the 
various pros and cons for both scenarios, it is the intention to cover: 


° Project examples 
e The amount of work involved 
e The economy of the project-related interfaces 


CONTRACTING TO AN EPC CONTRACTOR 


As examples of projects where the client chose to let others handle the re- 
sponsibilities during the project period, we will use Barrow and North 
Hoyle. We must assume that the client’s reason for contracting that part 
of the project was either that he did not have the competence in house 
or that he wanted to minimize the risk as much as possible. This can be a 
very attractive solution because we may assume the client has enough work, 
too little resources, and not enough experience to handle the interfaces 
during the project period. 


VY 


Bolting the turbines together and controlling the work leads to the handover interface 
between installation contractor and turbine manufacturer who should verify the 
documentation of the work. 
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From this point of view it will seem a practical solution to let people with 
the appropriate experience handle these interfaces, since there are several 
and the handling is very important in relation to the successful completion 
of the project. However, by choosing this solution, the client also renounces 
influence during the project period. Should the project be delayed, the client 
has very little influence on the outcome, and furthermore we may assume 
the suppliers will contest the client’s right to day penalties. 

Both of the previously mentioned projects were severely delayed, with se- 
rious repercussions for the client’s economy for the wind farms as a result. The 
delays may also have had a negative impact on offshore wind farms as such and 
given fuel to the critics of this kind of energy extraction. During the delays, the 
client had no influence whatsoever as to the management of the project, the 
solutions, or the contractors chosen. And with the chance of one or more of 
the contractor’s risk of bankruptcy as a direct result of the project, the likeli- 
hood of getting the appropriate day penalties paid were reduced. Therefore, 
letting others handle project interfaces and responsibilities has its risks. 

Obviously, by choosing this solution, the amount of work during the 
project period is dramatically reduced as the client in principle will not have 
to deal with anything until the turbines are operational. 


DIY or Multicontracting 


As examples of projects where the client handled the responsibility himself, we 
will use Horns Rev and Nysted. The clients in these cases chose to handle the 
responsibilities themselves because, in part, they had the manpower necessary 
and because of their own organizational structure as a project organization. In 
other words, the clients in these cases believed they had the knowledge and 
time to handle this major task during the given project period. 

Both of the preceding projects were finished on time and with no extra 
cost to the client. That meant the economic prognosis could stand firm. Asa 
result of the client handling the project management herself, she had very 
close contact with all suppliers and contractors and, therefore, also at all 
times, had an idea of how the project was progressing. When a delay 
appeared in one area, she could adjust the rest of the project flow immedi- 
ately. The same, of course, goes should one area progress faster than antic- 
ipated. The owner’s PM team could adjust to the new situation without 
having to liaise with others in any significant way. 

The close contact to the project and the daily “hands-on” would also 
give the client a unique possibility to keep ahead of possible delays and 
thereby also the ends and means to minimize possible technical and eco- 
nomic impacts that may arise. 
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THE ECONOMY 


If the supplier and/or contractor is asked to assume responsibility during the 
project period, most will raise the cost per turbine not only according to the 
increased responsibility but also due to the extra workload to be assumed. It is 
estimated that the suppliers or contractors will add another approximately 
30 percent per turbine for handling the project interfaces and responsibilities. 


Once the nacelle is bolted and the rigging gear is released, control is passed back to the 
turbine manufacturer. 


It should be emphasized that should an external contractor assume re- 
sponsibility during the project period, he will almost always make provisions 
in his contract. Thus, the client will not be completely relieved of respon- 
sibility. So even if the client does contract this area to sub supplier(s), the 
responsibility cannot be completely handed over. The economic conse- 
quence of this will be that the client pays to make others assume the risks; 
even so, however, he must assume part of the risk himself. 

So, depending on the client’s economic estimates for producing, assem- 
bling, and erecting the turbines, either solution may be economically viable. 
However, the bulk of offshore projects so far have struggled with economic 
issues, mainly because of risk allocations made to EPC or EPC equivalent 
offers, thereby delaying or even stopping the projects. 


INTERFACES AND HANDOVER DOCUMENTS 


During big and complicated projects such as Barrow, London Array, or others, 
there are, in principle, an infinite number of things that can go wrong. There- 
fore, the importance of strict project control cannot be stressed too much. 
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Taking control of components in the port also forms part of an interface. Once lifted, 
the hub is deemed to be in proper condition. Any claim arising after this point, until 
the next handover, is the responsibility of the installation contractor. 


A crucial part of project control is an analysis of the interfaces the components 
go through from the moment they roll out of the production site until the tur- 
bine is ready for production on site. 

It is very important to have a complete overview of all the interfaces that 
occur during the project to ensure that every contingency is covered and 
nothing is forgotten. An interface occurs every time the responsibility for 
the component goes from one contractor to another. The fact that the re- 
sponsibility shifts also indicates that something is about to happen with the 
component. It will be handled in some way or another according to com- 
ponent and project progress. 

The potential of something happening to the component during the ac- 
tual transport (e.g., an accident) or while the component is sitting on the pier 
waiting for the next phase is another potential problem. Components that 
are left sitting on a pier are exposed to the elements. They can also easily 
be damaged when they are moved from the ground to the truck, the truck 
to the vessel, and the vessel to the final site. 

These situations must therefore be described in detail every time they oc- 
cur. To that end, a handover document must be written for every compo- 
nent; it should describe the exact component, the exact interface, the issues of 
this particular interface, any comments, and so on. The document must then 
be signed by the two parties of the interface or their representatives. 
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The finished foundation with a level top flange is the main interface between the two 
scopes of work: foundation installation and turbine installation. The contractor checks 
the quality of the work prior to continuing installation of components. 


In the case of defects, a drawing of the component may come in handy, 
since it is much easier to show the defect on a drawing than to describe it in 
writing. It is also possible for a component to be damaged several times 
during transport, and it will be easier to establish at what point the damage 
occurred and who is responsible if the damage has been indicated on a 
drawing. 

The handover documents for each interface and for each component are 
then collected by the project manager so she can decide what to do if damage 
to a component occurs. The handover documents will serve as evidence as 
to when a certain damage was done and also who had the responsibility for 
the component at the time. 

Before transport of any component begins, it should be decided who has 
the final say if something goes wrong during the transport. For example, 
there may be a minor scratch on a tower from transport. The scratch will 
have to be repainted, but the defect will not affect the overall timetable. 
However, more serious defects may occur, and an immediate decision must 
be made as to how to proceed. Also, the defect may affect the timetable for 
the whole project, so other procedures will have to be set in motion so that 
certain parts of the project can be delayed and others may be hastened along. 
These decisions will have to be immediate in order to reduce the economic 
impacts such incidents can have on a project. 
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Delivering components: In this case, a tower in the staging port also forms an 
interface. 


The interfaces just described may be changed according to how the 
final transport, assembly, and mechanical completion contracts will be ne- 
gotiated. It does not, however, change the fact that the following phases still 
must be completed; only the sequence may change. 


Interface 1 
General Description 
The first interface occurs when the component is to be transported from the 
supplier to the pier by the transport contractor. This transport will normally 
be by truck and may at a later time be by vessel. A vessel will be chosen when 
the supplier is far from the pier, and transport by vessel is usually more con- 
venient and cheaper than transport by road. 

In the case of vessel transport at this stage, an additional interface must be 
described. The first interface issue relates to the quality of the component 
delivered. For example, is the quality at the expected level? Are there 
any defects? Can the component be unequivocally identified? Is the surface 
treatment (e.g., paint) as it should be? 

Control must be according to the specifications for this particular inter- 
face. They are taken from the contractual specifications between the client 
and the supplier and are described in detail in the handover document (see 
also http://mgeps.files.wordpress.com/2010/04/incoterm2000.gif). 

The component supplier must deliver the following: 


* Total number of components 
* Turbine type and turbine brand 
° Weights, measurements, and volume of each component 
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The transporters must deliver the following: 


Total cost of the transport, but if relevant the separate prices must 
appear. Incoterms FAS (Free Alongside Ship) is an asset of internation- 
ally agreed terms defining when responsibility for cargo passes from 
buyer to seller. 
Which components are to be transported on which vehicle 

* Where and when the components are to be picked up, as well as ETA 
(estimated time of arrival), both where and when 
Costs in case of delays, as well as other costs that may occur as a result 
of delays; other costs are extraneous 

* Documentation of all necessary permits 

* Documentation for all vehicles’ capabilities in relation to conducting 
the transport 
Copies of all vehicles’ registration documents 
Copies of all chauffeurs’ driver’s licenses, certificates, and so forth; no 
driver can be substituted without prior approval of the client 
Documentation ofall lifting and lashing equipment, with the expiration 
date no sooner than one month after the expected finishing date 
Documentation for the elected route from supplier to pier; route de- 
scription to be enclosed 

° HSE and Q plans for transport 

° Method statements 


Handover Responsibility 
The client must decide who has the onsite authority to say go/no go in case the 
client is not present personally but uses a representative; in which case, the 
local person must contact the project manager for further instructions. 
When the handover document has been signed, the component can be 
lifted on the truck for further transport, providing the component is deemed 
acceptable according to specifications. The responsibility has now been 
transferred from the manufacturer to the transporter. 


Damage and Impact on the Time Schedule 

In the case of damage to the component, it must be documented in the hand- 
over papers, and the responsibility for the damage must be established. The cli- 
ent or his representative reserves the right to deny loading of the component 
should the damage be extensive. 

Depending on the extent of the damage, the component may not be 
delivered on schedule, and as a consequence the entire project is in danger 
of delay. The project manager must immediately be informed of the dam- 
age, any potential delay, and the expected new delivery date. 


Document Control 

The original signed handover document should be given to the project man- 
ager, and a copy should be given to the supplier of the component. All other 
documents concerning the transport must do the same: original to the project 
manager and copy to the transporters. 
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Payments 
Payment for the component can proceed when: 


1. The component has been loaded with no damage 

2. The handover papers have been signed 

3. The responsibility for any damages is established and the cost of repair 
is settled 


Safety and Security 

The component supplier and the transporters must document their safety 
organization and ensure that the chauffeurs have had the relevant safety 
courses. They should also supply contact information for their safety man- 
ager and quality manager. 


Interface 2 
General Description 
Interface 2 is the interface between the truck and the pier. The issues here re- 
late to whether there has been any damage to the component during the first 
leg of the transport. It is not uncommon for the surface of the components to 
be slightly damaged either from the lashing or from the transport cradles. 

This is most often due to the surface treatment not having thoroughly 
hardened before transport usually because of tight time schedules. How- 
ever, it is very important to look for any damages because the environment 
of the turbine’s final destination is very harsh, and proper protection is 
needed to ensure the projected lifetime of the turbine. 

As previously mentioned, a drawing of the turbine can be very helpful in 
this case. A circle or a cross indicating the exact location of the damage is 
easy to make and easy to understand. In most cases damages like these will 
not delay 


Workers in the process of lifting a nacelle onboard an installation vessel in port. 
At this point, it is released for transport by the client, the installation contractor, 
and the marine warranty surveyor. 
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or in other ways influence the timetable. Repair work can easily be done 
when the component is sitting on the pier waiting for the transport to 
the final destination. Even when fitted on the foundation (providing the 
damaged area can be reached), repair work can be carried out successfully. 

When transporting blades, damage sometimes occurs due to the fragile 
construction and the difficulty of protecting the entire blade during trans- 
port. Blades will do what blades are meant to do: They catch the wind and 
therefore must be handled cautiously when moved. Blade damage (other 
than surface treatment damage) must be dealt with carefully because blade 
condition will affect the turbine’s output. 


Blades waiting for transport in port. 


Handover Responsibility 

The client or the client’s representative, together with the transporters or 
the transporters’ representative, must sign the handover documents. When 
the component is sitting safely on the pier and the documents are signed, the 
second interface is completed. The responsibility is now transferred from 
the transporters to either the client or the company hired to do the pier as- 
sembly (depending on how the project is to be implemented). 


Damage and Impact on the Time Schedule 
In the case of damage to the component, it must be documented in the 
handover papers, and the responsibility for the damage must be established. 
The client or a representative reserves the right to deny unloading of the 
component should the damage be extensive. 

Depending on the extent of the damage, the component may not be 
delivered on schedule, and as a consequence, the entire project is in danger 
of delay. The project manager must without delay be informed of both the 
damage, the potential delay, and the expected new delivery date. 
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Document Control 
The original signed handover document should be given to the project 
manager, and a copy should be given to the transporters. 


Payments 
Payment for the transport can proceed when: 
1. The component has been unloaded with no damage 
2. The handover papers have been signed 
3. The responsibility for any damages is established and the cost of repair 
1s settled 


Interface 3 

General Description 
The various parts for the turbines will arrive at the pier individually. 
Depending on the choice of foundation, the turbines, tower, blades, and 
nacelle may all arrive separately. This is because the parts are produced at 
different manufacturing sites and because of transport. For example, it is 
not possible to transport a fully assembled tower by road. The length in itself 
is a problem, but the weight can also pose particular problems on certain 
types of roads, especially in the summer when the sun can soften the asphalt. 

Depending on the pier facilities and the vessel used for the final transport of 
the turbine to the site, part of the turbine assembly will be completed before put- 
ting the parts on the vessel. It is a good idea to do as much of the assembly on the 
pier as possible; the working conditions are much more controlled on land than 
at sea, and the assembly cost will be cheaper on land than at sea. 


Towers being preassembled prior to load out. It is clear that damages can occur 
during this process as well; thus, there is a requirement to document the proceed- 
ings and hand over the work as part of a proper interface management process. 
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The handover documents of this interface will describe in detail which 
parts are to be assembled on the pier and to what degree the assembly should 
to be done. This description must be taken from the manufacturer’s manual, 
as well as from the contract scope. It is very important for this scope to 
be described accurately to avoid misunderstandings and also to ensure the 
quality control that must be done in relation to the handover to the next 
interface. 

The contractor doing the fitting on the pier must do the following: 


Document security plans for the working areas 

Document all relevant courses for the fitters 

Prepare HSE and Q plans 

Compile method statements 

Document calibration certificates for relevant tools 
Depending on how the project will be implemented, there is a possibility 
that instead of assembly on the pier, assembly will be done on site. In that 
case the components will, of course, be lifted from the pier and onto the 
vessel without assembling. 


Handover Responsibility 

The handover documents for this phase must be verified by a representative 
for the fitting contractor and the client’s representative with responsibility 
for harbor logistics. The signing for this phase will verify that the turbines are 
ready to be lifted on board the vessel for transport to the site. Responsibility 
is transferred from the fitting contractor to the vessel when the component is 


lifted from the pier. 


Damage and Impact on the Time Schedule 

In the case of damage to a component, it must be documented in the hand- 
over papers, and the responsibility for the damage must be established. The 
client or his representative reserves the right to deny acceptance of the com- 
ponent should the damage be extensive. 

Depending on the extent of the damage, the component may not 
be ready on schedule, and as a consequence the entire project is in danger 
of delay. The project manager must immediately be informed of the dam- 
age, any potential delay, and the expected new delivery date. 

Document Control 
The original signed handover document should be given to the project 
manager, and a copy should be given to the fitting contractor. 
Payments 
Payment for the fitting can proceed when: 
1. The component has been fitted with no damage 
2. The handover papers have been signed 
3. The responsibility for any damages is established and the cost of repair 
is settled 
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Interface 4 
General Description 
From the pier the component is lifted on board the vessel for the final leg of 
transport to the site. The components must be placed on board according to 
the loading plans. From the moment the lifting is started, the responsibility 
goes from the fitting contractor to the vessel. 
The responsibility stays with the vessel until the time the components are 
placed on the foundation. The vessel contractor must deliver the following: 


* Total cost of the transport but if relevant, separate prices must appear 
* Loading plans, handling manuals, and instructions 

* Description of lashings and securing plans for the components 

* Vessel organization, including the HSE plan 

° CVs (i.e., work histories) of all vessel officers and crane drivers 

* Vessel specifications and specifications for vessel crane(s) 

° All relevant certificates other than compulsory vessel certificates 

° Specifications of pier crane(s) 

° HSE and Q plans 

* Method statements 


During this phase of the project damage may mainly occur in connection 
with the lifting. Often there is not much room on the deck, and the compo- 
nents are placed without enough space between either the components or the 
vessel. And, because most of the time lifting cannot be done in completely 
calm weather, swaying of the components can cause damage to surfaces. 

When on board the vessel the components are secured with the appro- 
priate sea fastening, and the journey to the site can begin. After arriving at 
the site, the components are lifted from the vessel to the foundation. 
Depending on the project, the towers may come as parts and be fitted on 
site, or they may come completely assembled. 


Loading onboard itself requires documentation. Normally, the turbine manufac- 
turer handles the components but the contractor seafastens them. This cooper- 
ation requires documentation of “who did what.” 
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The nacelle may come as a “bunny ear” or separate with the three blades 
to be fitted when the nacelle is in place. The handover documents for this 
interface must describe these lifts according to the lifting plan. 

The details for the lifts are very important because lifting several hun- 
dred ton in a difficult environment naturally may be the cause of high risk. 
The wind speed is perhaps the most important factor here. Different com- 
ponents may be lifted in various wind speeds, with the blades as the most 
crucial component. For every nacelle there is at least one blade to be lifted 
and fitted on site, and this particular lift is a bit tricky because the blade must 
be lifted from a horizontal position on the vessel deck to a vertical position 
to be fitted to the nacelle. 

The safety of the crew and the fitters must also be taken into consider- 
ation. Working the guy lines during a complicated lift can be a physically 
difficult task, and only experienced fitters should undertake it. 


Handover Responsibility 

The handover documents for this phase must be verified by a representative 
for the vessel and the client’s representative with responsibility for vessel lo- 
gistics. The signing for this phase will verify that the lifting has been completed 
without damage to the components. The responsibility is transferred from the 
vessel to the installation contractor when the handover documents are signed. 


Damage and Impact on the Time Schedule 
In the case of damage to the components, it must be documented in the 
handover papers, and the responsibility for the damage must be established. 
The client or a representative reserves the right to deny acceptance of the 
component should the damage be extensive. 


Fitting a blade is the most delicate part of the entire installation; therefore 
documentation of the process needs to be detailed. The task requires a lot of focus 
due to the risk of damage. It would be difficult to repair a blade after installation 
and would require a vessel to stay in position longer—at a very high cost. 
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Depending on the extent of the damage, the component may not be 
fitted on schedule, and as a consequence the entire project is in danger of 
delay. The project manager must immediately be informed of the damage, 
the potential delay, and the expected new delivery date. 


Document Control 
The original signed handover document should be given to the project 
manager, and a copy should be given to the vessel. 


Payments 
Payment for the vessel can proceed when: 


1. The components have been successfully lifted from the vessel 

2. The handover papers have been signed 

3. The responsibility for any damages is established and the cost of repair 
is settled 


Interface 5 
General Description 
At this interface the mechanical completion of the turbine and the final hand- 
over to the client is accomplished. After arrival at the site, the specific foun- 
dation, the tower, nacelles, and blades have to be fitted. The fitting of the 
components and the mechanical completion must be described in detail. 

This is a crucial matter because the client must ensure that the turbine is 
delivered as expected. The fitting of the components are pretty simple: The 
tower must be erected, and the nacelle with the blades must be assembled on 
top. However, the scope of work (SOW) for mechanical completion can be 
another matter altogether. 

The SOW for mechanical completion must describe all the parts in 
detail, including components and consumables, that will be installed on 
the site. It should be noted that scaffolding and other means of equipment 
necessary to fulfill the SOW should also be included. 

The contractor doing the mechanical completion must deliver the 
following: 

Relevant certificates for all fitters 
HSE and Q plans 
* Method statements 
* Document calibration certificates for relevant tools 


The handover documents for this interface must describe the entire scope of 
work. 


Handover Responsibility 
When all of the handover documents have been signed, the client accepts 
final responsibility for the turbine. Therefore, a verification of mechanical 
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Fitting towers offshore. 


completion according to the SOW is crucial. The client or a trusted repre- 
sentative must verify that the mechanical completion is according to the 
scope of work. Once the handover documents have been signed, the re- 
sponsibility for the turbine is transferred to the client. 


Damage and Impact on the Time Schedule 

In case of damage during the mechanical completion, it must be docu- 
mented in the handover papers, and the responsibility for the damage must 
be established. The client or a representative reserves the right to deny ac- 
ceptance of the turbine should the damage be extensive. 

Depending on the extent of the damage, the turbine may not be ready 
on schedule, and as a consequence the entire project is in danger of delay. 
The project manager must immediately be informed of the damage, the 
potential delay, and the expected new delivery date. 


Document Control 
The original signed handover document should be given to the project 
manager, and a copy should be given to the fitting contractor. 


Payments 
Payment for the mechanical completion can proceed when: 


1. The mechanical completion has been successfully completed according 
to the SOW 

2. The handover papers have been signed 

3. The responsibility for any damages is established and the cost of repair 
is settled 
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Related Images 


Fitting a full rotor on a Siemens 2.3-MW turbine is tough work. The 5- and 6-MW turbines 
are almost twice as large and therefore present an enormous challenge. Installation of a 
wind turbine from M/S Sea Power at Lillgrund Wind Power Plant, 2007-08-04. 


Lifting a 3-MW Vestas turbine on deck and checking to be sure the bolts are all 
removed. 
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F 4 


Personnel checking the components on the seafastening frame for the Vestas 3-MW 
turbine. 


Lifting a 3-MW nacelle, hub, and two blades—-the “bunny ear” way—from the deck 
and placing it on top of the tower. 


CHAPTER EIGHT 


Health, Safety, and Environmental 
Management 


What exactly is health, safety, and environmental (HSE) management? To 
fully understand it, we must first define what is involved in HSE work. 
Referring once again to the Internet, we see that one definition of HSE 
is an act taken “to prevent people from being killed, injured, or made ill 
by work.” 

A more down-to-earth explanation could be the proactive work to plan 
and execute operations in order to prevent damage to property and accidents 
to people and to create a safe and healthy working environment. This is, of 
course, easier said than done, since the environment where offshore work is 
carried out is by its very nature dangerous. The oceans have claimed lives 
for thousands of years, and they still do. But as stated earlier in this book, 
the overall objective is to bring everyone back safely from the excursion 
to the offshore site, and if a wind farm can be built during this excursion, 
it is an added benefit. 


WHY HEALTH, SAFETY, AND ENVIRONMENTAL 
MANAGEMENT IS IMPORTANT 


We rigorously carry out HSE work for many reasons. Here are some of the 
most obvious ones: 


¢ We want to safeguard our employees from any danger that might arise 
from unsafe work practices. 

* We are subjected to an environment that is inherently dangerous, and 
therefore every sensible measure must be taken to accommodate the 
challenges we face when working in the offshore environment. 

* We want to safeguard the environment we work in by ensuring that all 
activities are safe, environmentally friendly, and leave no pollutants 
behind. 

¢ The wind industry is a renewable one, and environmental protection is 
paramount to its stakeholders. 
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Popularly speaking, we should not attempt to solve the carbon problem by 
creating dangerous working environments or to try to replace the carbon 
savings by working with methods and equipment that are not state of the 
art and, as a result, create more problems. 


The Most Important Single Activity in a Project 


Nothing can justify the loss of a human life or the contamination of a marine 
environment just because the benefits are anything from cheap electricity to 
air conditioning. The beliefis, of course, that the twenty-first century work- 
ing environment is supposed to live up to a minimum set of standards, such 
as safe working conditions and a clean working environment, where we use 
the best practices of employment to protect both employees and the marine 
environment. 

Finally, the law protects all of the preceding standards, and this is what 
HSE management cares about. But how is this work organized? 


The Health, Safety, and Environmental Organization 


Setting up the HSE organization is a task that must be taken seriously. In 
most, ifnot all, countries where offshore wind projects are carried out, either 
clear regulations that govern how this is to be done are already in place or 
regulations that will apply to the project are being developed. 

The structure of an earlier project is used, mainly because it originated 
in-house in AOS, so neither the final version of how things should be done 
nor the theoretical exercise of how to model the organization has been 
established. The HSE organization takes care of two issues: 


¢ The health and safety of the workers and the surrounding society. 

¢ Environmental care, which involves not polluting the environment as a 
result of doing the project. Pollution, in this case, should be thought of in 
the broadest possible sense—for example, noise, garbage, obstruction, or 
disturbing marine life and the onshore environment. 


Therefore, the organization should be set up to deal with both issues at the 
same time. 

Figure 8.1 shows one way to organize the HSE; the structure is actually 
very sunple. The management of HSE is divided into two areas: back office 
functions and onsite organization. The back office is the part that will orga- 
nize and structure all aspects of the HSE work according to rules, regula- 
tions, building permits, and client requirements. 


Health, Safety, and Environmental Management 135 


Figure 8.1 The Health, Safety, and Environmental organization as it would be imple- 
mented. Courtesy of Advanced Offshore Solutions. 


The onsite organization, which is represented by the HSE officer, or of- 
ficers, will carry out the work and enforce the HSE system as defined by the 
preceding stakeholders. It is important to note that, again, the HSE organi- 
zation and HSE functions are not staff functions. Unlike so many other orga- 
nizations or project structures, the HSE organization is a line function with 
the authority to stop work everywhere at any time. 

The reason for this is simple: If unsafe work practices or a risk of envi- 
ronmental pollution is latent, the task of the HSE organization is to stop the 
situation from developing into something that can be dangerous, careless, or 
create a lot of unnecessary cost or aggravation. And it very often happens that 
a situation that seems harmless onshore can quickly evolve into a life- 
threatening situation offshore. This must be avoided at all costs and using 
all efforts possible. 


THE HSE DOCUMENTATION STRUCTURE 


There are, of course, several ways to arrange the HSE documentation 
structure. Figure 8.2 shows a common method that uses three tiers. In gen- 
eral, the three tiers represent the level of need-to-know for all the parties 
involved in the project. The top level shows that the managers of the project, 
the owners of the wind farm, and residents of the surrounding area will 
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Figure 8.2 HSE document structure that defines which personnel are responsible for 
certain elements of the project. Courtesy of Advanced Offshore Solutions. 


assure all project stakeholders that they will adhere to all of the requirements 
that are enforced throughout the duration of the project. 

A cynical person might point out that this level is where the toast speeches 
are made, the bragging about all the goodwill and best endeavors. That person 
is partially right. But the top level is also saying that the top management of 
the project promises that all aspects of the project, the processes, and the behavior 
of the employees involved will be dedicated to protecting human life, the envi- 
ronment, and the values created in order to supply electricity. Yes, this sounds a 
bit emotional, but this is what the top management must do. 

In some countries this pledge will ultimately land the responsible person 
in prison if the HSE work is not performed according to the requirements. 
This is potentially the case in the United Kingdom, where the managing di- 
rector will, at the very least, be questioned by the police and possibly charged 
with neglect ifa major accident occurs. The managing director will not nec- 
essarily be imprisoned or actually charged, but the possibility is more appar- 
ent than, say, in Denmark, where gross negligence would possibly have to be 
determined before such drastic actions can be taken. 

Level 2 is where things start to take shape. Here, the actual rules and 
regulations of the work in question are outlined, the national HS rules 
are described and clarified wherever required, and the project-specific 
guidelines for the health and safety work are established. Level 2 is also where 
the HSE documentation is unfolded in order to address the specific work 
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package and the requirements. In this way, the individual work package can 
search for and pinpoint exactly what is relevant to them without losing over- 
sight of the entire project’s HSE plan. Thus, level 2 is for the project man- 
agement and the work package managers in particular. 

Level 3 is where the working instructions are fleshed out in detail. The 
individual task is described and the specifications for the job, not only from 
the HSE point of view but details of the actual working instructions, are de- 
fined. This is done in such a way that each employee can read about and 
understand exactly what the task involves, what the health and safety con- 
cerns are, and what he or she must do to perform the job safely. 

A special section is dedicated to high-risk work—for example, hot works, 
diving operations, working in confined spaces, and working at great heights. 
Since these tasks require special training, such items should be specifically 
addressed in individual documents. This establishes that if it is not in the 
HSE standard for the work you are allowed to carry out, you cannot do 
the work. When training the offshore crew, this logic would then be 
implemented and the statement should be taken literally in the sense that 
if it is not strictly allowed, it’s forbidden. 


Monitoring and Reporting 


Since the onsite HSE officer is part of the line organization, he or she will 
have a lot of control over when work starts and stops. This means the officer 
will constantly monitor the work and write all the necessary reports. 

As we said before, work must go on 24/7/365, and it’s the same for the 
HSE work. Special attention is normally given to working at night, since the 
risk of accidents increases as a result of two factors: 


* Lack of daylight makes operating the machinery more difficult. 

* Fatigue due to working at odd hours is a latent danger, and the chance of 
a worker paying less attention because he or she is tired, can lead to 
accidents very quickly. 


So why not just work during daylight hours? 

One reason is because the wind tends to decrease at night, and it is rel- 
atively certain that the majority of both foundations and turbines have been 
installed during the night or early-morning hours in the past. Therefore, 
working around the clock and monitoring the activities are crucial to the 
HSE department. Figure 8.3 shows a crew working at night fitting slings 
to the gravity foundation. Here a number of things could go wrong. 
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Figure 8.3 Notice the poorly illuminated ladders and the person sitting on top of the 
partition in the foundation. Courtesy of Advanced Offshore Solutions. 


Auditing and Correcting Actions and Methods 


Since the offshore wind industry is still young, one will obviously encounter 
methods and procedures that were considered genius when they were cre- 
ated in the office. This is the case for all activities in the industry. But when 
the procedure, work instruction, or method statement is implemented in the 
project and the offshore crew (or onshore crew, for that matter) have 
worked with the procedure, instruction, or method statement, it often be- 
comes clear that additions or changes must be made to this documentation, 
and possibly complete cancellation. 

It is for this reason that the onsite HSE officer must be present and aware 
of what work is going on. The officer will have to monitor and evaluate the 
work as it unfolds during the project. As soon as a requirement for a change 
or an update of a document is necessary, it is the job of the HSE officer to 
detect, record, describe, and establish the change requirement for the work 
instruction that has been monitored. This is a constant and ongoing process 
in order to make the working environment as safe as possible for everyone 
involved in the installation. 
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THE HSE AND NATIONAL AUTHORITIES 


Today, wind farm installation is carried out in many countries in Europe. 
The installation contractors, the service suppliers, and certainly the compo- 
nent manufacturers are also from Europe. This creates certain problems in 
that the various HSE regulations are not the same, so the HSE regulations 
in one country that are valid for one stakeholder are not relevant to the 
other. 

Further, a working procedure that is deemed safe in one country under 
the relevant HSE rules can be declared unsafe in another country for another 
project. This creates more problems because the method statements and 
working instructions will vary from project to project. Therefore, adapting 
the HSE documentation to suit all projects is imperative. This, unfortu- 
nately, is a very labor-intensive process because all documents must be vali- 
dated against the various national rules and regulations. 

As an example, using two cranes to lift and upend materials is a common 
practice in many countries, but it is not done in the United Kingdom. So 
what happens when you have to upend the components in Denmark or 
Germany, transport them to the U.K., and then place them horizontally 
on the pier? Well, in a case like this, you need two sets of method statements 
for the same job that must be changed to accommodate both ports. Until we 
figure out an easier, less expensive way to do this, it will mean adding time 
and cost to projects. 
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The loading of the vessel is always a tight fit; all space is used. This, however, makes 
operations potentially hazardous. Therefore a risk assessment of work, vessel loading, 
and mitigation of safety hazards is always carried out. 


A tower section makes its way to the final destination on the offshore foundation. 
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The North Sea highway! The gangway from the installation vessel to the turbine is a 
safe and effective way to transit people and small tools while work is ongoing. It also 
serves as a safe escape route from the turbine in case of an emergency. 


Securing the crane hook is part of the work carried out prior to leaving port and/or 
installation sites. 


CHAPTER NINE 


Work Vessel Coordination 


The need to coordinate vessels is the result of the requirement of managing 
the traffic in the confined space of a building site offshore. A unit is set up to 
deal with the movement of material, machinery, and manpower. Why is this 
necessary? 

When you look at a map of any given offshore area and draw a bound- 
ary around the part where you want to work with the installation of an 
offshore wind farm, you will come to the conclusion that, at face value, 
there is a lot of empty space, even when the turbines have been plotted 
in. So why would you need to regulate the traffic and the number and lo- 
cation of work vessels at all? It would seem that the area is big enough to 
host a large number of vessels going about their business without even a 
remote chance of interfering with one another. Can this be true? Or is 
there a good reason to enforce a specific set of rules and regulations for 
the activities on it and the transit area to and from the site? The answer 
is, of course, yes. 

The best way to demonstrate the need to regulate traffic and vessel be- 
havior onsite and to and from port is to draw the construction site bound- 
aries and start to plot in the various vessels with their anchors deployed in the 
water. When you realize that the vessel’s anchors and the mooring lines ac- 
tually stretch out over the seafloor for several miles when deployed, you also 
understand that even though the area looks vast, it very quickly fills up; that 
is, when some vessels are moored, some are hindered in their ability to nav- 
igate, and, for example, the cable work has to be carried out in lines that cross 
the transit or mooring paths of the other vessels in the area. For this, a small 
but specialized organization of experts is set up: traffic coordination. 


ORGANIZATION SETUP AND FUNCTIONS 


The traffic coordination organization is an actual location with marine crew 
such as master mariners, navigators, or other skilled personnel who can sur- 
vey the entire traffic in the area in which the wind farm is to be located. 
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Furthermore, the experts monitor all of the traffic going in and out of the 
staging port and determine whether they have any business related to the 
installation work—after installation and during maintenance—or whether 
they are just supposed to pass by the wind farm without interfering with 
any activities related to the area and the wind farm itself. 

The organization will normally consist of a two- or three-person group 
working around the clock during installation and repair work, and mainly 
during operational hours—that is, daytime during operation and mainte- 
nance. The Vessel Traffic Coordination Center (VTCC) is equipped with 
the most up-to-date surveillance equipment, such as radar, AIS systems, and 
highly complex software programs, that can track and monitor in real time 
all of the activities onsite and going to and from port. 

From the center, all daily traffic is planned and the routes of transit and 
intersite movement are marked on the computers in order to see whether or 
not one activity interferes with another. This is very important since, for ex- 
ample, laying cables should not take place in areas where other vessels are 
anchoring or carrying out subsea activities such as dumping stones as scour 
protection or, even worse, interfering with the diving work that could be 
going on simultaneously. 

It is also important to know how many individuals are onsite. There- 
fore, all of the vessels going in or out will have to declare the number of 
people on board (POB) in order for the VT'CC personnel to know how 
many are at the site; en route to or from port; or, in the worst case, missing. 
It is therefore crucial to have a system that can track every single person 
working offshore. 

In case of an emergency, the VT'CC personnel should know who is 
where and doing what. Ifa rescue operation is initiated on the basis of a miss- 
ing person, the rescue crews will need to know where to look, for whom, 
and what this person is supposed to be doing when he or she is finally found. 

The worst thing that can happen in an emergency operation is if the res- 
cue teams spend a lot of time searching for an apparently missing person who 
is not actually offshore. Valuable resources are lost, as well as the time wasted 
searching for the person. 

Therefore, it is vitally important for the VITCC personnel to have a POB 
tracking system and an accurate count of the number of people on board and 
who they are. Several systems are available that can track people, and they have 
been used on offshore projects over the past several years with good success. 
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VTTC Rules and Regulations 


The International Maritime Organization (IMO) has developed a global 
convention and set of rules for the regulation of marine traffic that all vessels 
must obey. They are the result of hundreds of years of navigating the seas and 
are updated frequently by the IMO convention in order to always operate a 
set of navigational rules that match the types of vessels and traffic that cor- 
responds to them, their work, and the density of traffic in coastal areas. 


THE OPERATIONS CENTER AND THE WORK CARRIED OUT 


The operations center is basically an office that is hooked up to radar and 
other navigational aids, and its role is to observe the traffic going on in 
the construction site and the approach area, including the ports and naviga- 
tional channels. Furthermore, the operations center has a central role in 
planning for future procedures: 


* Which activities are going to happen in port, in the transit channel, and 
onsite for the next period of 24, 48, and 72 hours? 

* Which vessels are going to be there? 

* Which activities are they going to perform? 

* What will be installed in the wind farm itself and how many vessels are 
going to be involved? 

* In which areas of the wind farm will they be working? 

¢ Are any of the vessels going to interfere with one another? 


The operations center plans and the coordinates all of these activities. 
They should be matched up against upcoming weather forecasts, and if 
the weather is marginal for an operation—-say, for cable laying, which nor- 
mally is subjected to lower weather restrictions than, for instance, the foun- 
dation installation—the planning should take this into account. 

If the cable layer is located near a turbine installation position and the 
installation vessel for the turbine is positioning itself by means of anchors, 
this should be observed and planned for accordingly. However, if the 
weather is marginal for the cable layer, the possibility of the vessel not work- 
ing should be accounted for, giving the turbine installation vessel some more 
degrees of freedom when working. On the other hand, if the weather 
changes and there is an opportunity for the cable-laying vessel to work, 
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the turbine installation vessel will be subjected to the original restrictions, 
and the planning procedure will need to be adjusted. 


Traffic Coordination 


Naturally, in a large project, such as an offshore wind farm, a lot of vessels 
will be at the building site at the same time. Therefore, a well-functioning 
traffic coordination policy must be put in place in order to have the right 
personnel; the right equipment at the right place; and, of course and most 
important, to avoid collisions. 

For this purpose, a traffic policy and a corridor where the traffic can be 
controlled must be established in coordination with all parties involved. This 
can be made with two lanes or with separate lanes for in- and outgoing traf- 
fic, and it must be tied to a point at the wind farm location. Then the traffic 
can be controlled safely, and it will make it possible to secure the traffic zone 
because the area can be declared an exclusive zone during the building period. 

Traffic rules for the building area must be made in such a way that the 
vessels that cannot maneuver themselves have exclusive rights. Because this 
can mean extra cost to the contractors, it must be taken into consideration 
during negotiations, and then it can mean extra waiting hours and, again, a 
delay in the contractor’s timetable. 


Traffic Control 


Control and supervision of the traffic situation in the harbor, on the way, and 
on the offshore building site must be performed by a coordination group. 
Therefore, a watch group will be responsible for coordinating the transport 
of personnel, vessels, and equipment during the entire project, 24 hours a 
day, 7 days a week. 

It is also important for this group to coordinate the building traffic with 
the normal traffic in the harbor because when foundations or turbines must 
be transported out, other vessels will have problems coming into the harbor. 
And when transport vessels are having difficulties maneuvering themselves, 
all of the other vessels must give them exclusive rights. 

The coordination center must have radar surveillance, combined with a 
VHF-based communication system, in order to coordinate with all vessels 
when and how many personnel are on the way. In case the control center 
is far from the site, a satellite-based communication system will be necessary 
because the VHF system has only a limited range. This will make it possible 
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for the guard and warning services to react in order to have sufficient vessels, 
helicopters, or other transport means standing by ifan accident should occur. 

This way, the operation center can be contacted quickly in the event of 
oil spills, and then the staff at the operations center will know exactly how 
many vessels are at the building site. Then the proper authorities can be in- 
formed quickly, and the area can be secured and the risk of an accident can 
be minimized. 

Naturally these conditions also apply for search and emergency services. 
They must know exactly who is missing and where the person is supposed to 
be. This saves time in a search operation and also provides a much higher 
chance of finding the person. 


Guard Vessel 

The final item under traffic control is the guard vessel. In Germany, this is a 
requirement and is actually a vessel that has no other assignment to the pro- 
ject than that of looking out for vessels that are on a possible collision course 
toward the wind farm and/or the vessels working in and around the exclu- 
sion zone. The guard vessel must patrol the area 24/7/365 to secure the area. 


ORGANIZATION OF SURVEILLANCE 


Surveillance can be done by a coordination center, with a manager and six 
employees placed in the staging port. The surveillance center must be placed 
close to the staging area because of the distance to the building site, and it 
should be located near the project management offices, since they will have 
close daily contact and an overall requirement to coordinate the offshore 
work and, of course, the traffic going in and out of a port. 

The usual recommendation is for the main center in the port to have three 
employees who will be onsite 24 hours a day to work as part of the surveillance 
on the jobs performed by the offshore subcontractor’s personnel. Thus, the 
control center will have the necessary personnel, and the correct amount 
of handling equipment available for the safety of vessels. 
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Crews often do “flying changes” on an installation vessel; that is, they are transported 
out to the working vessel along with other goods. This saves time and is possible be- 
cause the onshore/offshore coordination work is closely monitored and managed. 


Bridge personnel at work on a vessel while underway. It is important to have a relaxed 
atmosphere and good cooperation between all parties involved. 
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A jack-up barge being towed from port to site with a monopile onboard. This is a slow 
process and is much more weather-dependent than working with self-propelled 
equipment. 


CHAPTER TEN 


Logistics Solutions 


What is logistics actually, and why is it important? When you google the 
word logistics, you get the following definition: 


Logistics is the management of the flow of goods, information, and other resources 
in a repair cycle between the point of origin and the point of consumption in order 
to meet the requirements of customers. 


This means that an optimum relationship exists among the need, the avail- 
ability, and the delivery of goods or a service from the point of origin to the 
final destination. The idea is also to avoid excess availability of any such goods 
or service anywhere in the process or logistical chain. 

In layman’s terms, logistics means that when you buy the last tomato at a 
farm stand, a new tomato plant has sprouted from the ground. In other words, 
no resources are wasted, and the required materials are exactly where they 
should be at exactly the time they are needed. This concept is also often referred 
to as the “just-in-time” principle, where a component moves just one position 
forward in the chain to take the place of a position that has been vacated. 

This way of carrying out the logistical operation for an offshore wind farm 
is, however, too simple. There are a number of reasons for this, and mainly 
they evolve around the fact that it is not possible to deliver a promised number 
of foundations, turbines, and cables using the just-in-time principle. 

The problem actually starts at the end of the process. The time frame for 
the installation offshore is limited due to weather and the capabilities of the 
equipment that is used. This is defined as weather criteria, which we discussed 
earlier, and that determines the actual operational envelope for the equip- 
ment and personnel on a specific site during a full year. 

If the installation envelope only allows the vessel to install the compo- 
nents for five or seven months during the spring, summer, and fall, the entire 
construction program will focus around that. So if 100 turbines, 100 
foundations, and 100 cables are to be installed during this period, there 
are only a few days open for each component to be installed. 

The delivery of all of the components in the unloading port must then 
take place just prior to and during the installation time period. This creates a 
massive constraint, for obvious reasons. To unload and install, say, the 
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turbines, a total of 100 days is needed, working from the assumption that the 
gross installation time per turbine is one day. However, all of the foundations, 
or at least most of them, must already be there because turbine installation is 
faster than foundation installation. 

But the manufacturer cannot deliver 100 turbines in 100 days. The de- 
livery and preparation for unloading take much longer. This means that 
there is a mismatch between the installation time and the manufacturing 
and preparation time, and this creates the requirement for a buffer storage 
of components. That means that the just-in-time principle can no longer 
be applied, but the logistical challenges just got much worse. 

We will consider an example that demonstrates some of the issues the 
project management will experience. Let us say that all of the components 
are very big and heavy, and the port facility is not necessarily capable of stor- 
ing many components at one time. Ideally, the average 80-turbine project 
needs around 65,000 to 70,000 m? of flat, well-paved, high-load-bearing 
surface. 

This type of area is very coveted by port clients in general and therefore is 
the most precious land to rent out for the port. Typically, this is something a 
long-term tenant will qualify for. The direct access to the pier is an added 
challenge because easy access for any port customer means a very short turn- 
around time for their vessels and cargo. For the wind industry, it simply 
means not having to transport the components too far in order to load them. 

Furthermore, the rotors, towers, and nacelles take up an enormous 
amount of space when preassembled and ready for unloading. This means 
that little or no activity can take place concurrently with the unloading of 
the turbines. Asking for this type of service for a relatively short-term 
contract is not the sort of business proposal the project manager can sell easily 
to the port. This is the first logistical challenge the project execution team 
will face. 

So this means that the port facility has to reserve a very large, well-paved, 
and easy accessible area for the storage of components in buffer storage. 
However, ports are not so keen to reserve areas of the size and type ideally 
demanded by the wind industry, and there are many examples of ports not 
welcoming this type of business at all, let alone reserving an area of this size. 

In 2001, the project manager of a client was almost thrown out of a port 
office for insisting that they were among the largest customers the port 
would ever have. The port captain pointed out the window at a ship loading 
oil and gas supplies for an offshore field and yelled at the project manager that 
the day she could bring in this magnitude of business for a 20-year period 
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guaranteed, he would consider trading piers, but until then, the area he had 
specified was what the customer could get; “If you don’t like it, go some- 
where else.” 

Knowing also that most ports do not have this type of area readily 
available, the few ports in the interesting areas (for the offshore wind industry) 
that have them will have the various project buyers and project managers beat- 
ing at their doors. This is another problem that ports would rather not have. 

Therefore, planning for and renting a suitable staging area in a port that is 
favorably close to the offshore site are tasks that should not be under- 
estimated. Usually this is part of the tender documentation. The wind farm 
owner will have to nominate one or more ports believed to be useable as 
staging areas for the project. However, the contractor and/or the project 
manager must decide, together with the tendering team, which port to 
use and how to execute the transport to the site; storage of components; 
and preassembly, loading, and transport to the offshore site. Figure 10.1 
shows an example of a staging area in a port that was used for previous off- 
shore wind projects. 


Figure 10.1 Loading and storage in Lowestoft for the Scroby Sands project in 2004. 
Notice the confined space. Courtesy of A2SEA. 
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Fitting a Vestas blade in place onsite. This is the most critical lift during the installation 
since the blades are delicate and the space in which to fit them is very tight. 


Rigging and crane operations involve large equipment; what needs to be handled is 
heavy and potentially dangerous. Therefore, staff training and work experience is very 
important. 
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Shown here are some installation vessels in port. 


CHAPTER ELEVEN 


Commonly Used Installation 
Methods 


The method of installation of both foundations and turbines influences the 
staging port layout, size, and location to the offshore wind farm site. Man- 
ufacturers and contractors have developed specific strategies and working 
procedures for all of the different types of foundations and turbines. There- 
fore, it is obvious that the individual project can be executed using various 
methods of installation, depending on the foundation and turbine chosen. 
The sections that follow discuss the main characteristics of the methods 
and possible future trends. 


FOUNDATIONS 


In general the industry prefers working with four types of foundations: 
gravity-based, monopile, jacket, and tripod. 


Gravity-Based Foundations 


Gravity-based foundations stand by weight on the seabed. These founda- 
tions, which weigh over 2500 tons, are very common in the industry. It 
is not possible to manufacture a large number of gravity-based foundations, 
because they are cast in steel-reinforced concrete using prefabricated molds. 
The molds are so large and the process takes so long to prepare rebar and the 
mold for casting; thus, the contractor typically sets up 6 to 8 molds and starts 
manufacturing the foundation at least 9 to 12 months prior to installation 
offshore. 

This, however, means that a large number of foundations have to be han- 
dled and stored. Once again, there are two obstacles to be met, both relating 
to the port facility. The picture on the last page of this chapter shows the 
casting and storage of gravity-based foundations. The area for manufacturing 
and storing is quite substantial. 

Furthermore, it is almost self-contained, but the sheer weight of the 
foundations will require a lot of ground-bearing capacity in order to with- 
stand the pressure of the individual foundation. Therefore, it is common to 
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wet store the foundations offshore near the installation site and thereby re- 
lieve the pressure on the staging port. 


Installing Gravity-Based Foundations 
The installation of a gravity-based foundation is largely carried out using 
three pieces of equipment: 


1. A large floating crane. The capacity of the crane should be more than 
2500 tons in order to actually lift and place the foundation on the seabed. 

2. A very large barge that can transport and possibly store a number of the 
foundations onboard. 

3. A tugboat or group of tugs that can tow either the barge or both barge 
and crane into position in order to set the foundation in the right 
location. 


In addition to these pieces of equipment, there are, of course, several vessels 
carrying out different jobs to prepare the seabed. 

This would include dredgers that can level the seabed in order for the 
dumping vessels to lay a stone cushion so that the foundation can be lowered 
onto firm and level ground. Also, there would be vessels laying out the scour 
protection to prevent the foundation from being undermined by seabed cur- 
rents that will try to flush away material from around the foundation when it 
is installed. 

As just stated, the fabrication of gravity-based foundations must start well 
in advance of the installation in order to have a buffer of foundations so the 
vessels—when started—will not run out of foundations and then would 
have to wait on standby. Typically the fabrication will start one year in ad- 
vance of offshore installation; and around four to six months prior to instal- 
lation, the seabed preparation work along with the cable trenching will 
commence. When the installation season starts—typically in March or 
April—enough foundations will be ready for the installation to end a few 
weeks after casting of the final foundation. 

The seabed preparations will also be well enough advanced for the foun- 
dations to be installed, and thereby the cabling work can commence shortly 
after. This is a well-organized working plan and so far has been a very suc- 
cessful one. The wind farms in the Danish and Swedish parts of Wresund (the 
sound between Denmark and Sweden) and in the Danish area of the south- 
west Baltic around Lolland (Nysted 1 and 2) have all been installed using this 
well-proven method of operation. 
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The challenges are few, and the main problems that the projects in the Baltic 
have run into have been ice developingin the ports where the foundations were 
cast; for example, in Swinoujscie in Poland during the tough winters there. 


Monopile Foundations 


A monopile is basically a long tube that is driven into the seabed by means of 
a very large hydraulical hammer. The tube is made of steel and welded to- 
gether from cans, which are in effect steel plates of varying dimensions rolled 
into round form and welded together using specialized machinery. 

Monopiles are the most often used foundations in the offshore wind 
industry for several reasons: 


* They are relatively simple to define for the designers. 
* They are relatively inexpensive to manufacture. 

* They are fairly easy to handle and store. 

* They are simple to install and maintain. 


Figure 11.1 shows monopiles loaded on a barge in two layers. The top layer 
has been installed, but the cradles for the piles are still visible for two of the 


Figure 11.1 Seafastening of monopiles on a transport barge. 
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three piles in the layer. In this way it is possible to increase the efficiency of 
the installation process and to make the slow transporting by barge more 
cost-effective in general. The seafastening of the piles is, however, both 
expensive and engineering intensive, as can be seen in the figure. 

There are more good arguments for using monopiles, but the preceding 
reasons are enough to persuade the owner of a wind farm, if it is at all pos- 
sible, to work with a monopile foundation. This is the easiest, fastest, and 
most well-defined method of manufacturing, installing, and maintaining 
the foundations for the wind farm. 

Monopiles are indeed easy to install, provided that the equipment, 
method statements, site preparations, and soil data are well defined and cho- 
sen. Surprisingly, monopile installations have been carried out with a very 
large bandwidth of success in the past. This is not necessarily because the 
monopile is difficult to install but because the challenges have not been taken 
seriously enough. 

The monopile is, however, not the final foundation. The pile driving pro- 
cess actually, under the circumstances, will forge the top of the pile due to the 
constant pounding on the surface with the hammer. This leads to the metal 
becoming brittle and thereby unsuitable for any load bearing. 

Therefore, the common solution is to fit a transition piece, which is 
another oversized pile on top of the monopile, so that the monopile is 
slotted into the transition piece over a distance of 6 to 8 m. The transition 
piece is then adjusted to true verticality, and the annulus between the pile 
and transition piece is filled with a high-density concrete, commonly called 
grout. 

This is a good solution in order to construct the wind turbine, which is 
then installed on the transition piece. This piece therefore holds all access 
platforms, cable tubings, and other appurtenances to create a functioning ac- 
cess platform for the turbine. The main pieces of equipment that should be 
used for the installation of monopiles are as follows: 


1. Installation vessel (discussed in more detail in Chapter 12); the preferred 
type of installation vessel is the jack-up that can load and transport the 
monopiles and transition pieces on deck. 

2. Large hydraulical hammer for the pile-driving process. The hammer 
comes complete with power packs and control room for the monitoring 
and controlling of the driving operation. 

3. Pile handling tool that is used for holding and positioning monopiles 
vertically before and during the driving of the pile. 
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4. Grouting equipment in order to cast the monopile and transition piece 
together. 

5. Ifrequired, a drilling rig, which would be used if there are large boulders 
or hard ground underneath the pile. The drilling rig is a reverse circu- 
lation drilling system that will be placed on top of the pile, and the 
large-diameter drill will then drill internal relief so that the pile can be 
driven once the material has been removed. 


For the monopile, the principle remains the same as for the gravity-based 
foundation. There are a number of other vessels and a lot of other types 
of equipment that are used to carry out the foundation work. There are 
scour protection installation vessels that—as for gravity-based founda- 
tions—will install a filter layer, which is a stone layer of small (10-20 cm) 
stones that will be used as a cover layer on top of the seabed to create a solid 
unscourable surface around the pile when it is driven. 

Unlike the gravity-based foundation, no seabed preparations are made 
for the monopile. Other than laying out a filter layer, nothing is normally 
done. The savings are therefore significant in comparison. Both time and 
expense can be reduced dramatically, and this is another reason for using 
the monopile type of foundation. 

The monopile will be driven through the filter layer, and once the cable 
has been fitted—via a special tube called the J-tube, the cover layer—stones 
from 30 to 60 cm will be dumped on top to lock the filter layer to the ground 
(Figure 11.2). 

Today, the monopile has been used in the vast majority of wind farms 
and, interestingly enough, where the consensus three or four years ago 
was that the monopile was not cost-effective over 25 m or more, it now 
seems that projects with up to 30-m water depth are considering the use 
of the monopile. Furthermore, the ease of installation and maintenance 
makes it interesting for wind farm project owners to consider; the added ma- 
terial and cost of this, compared to the installation cost, and the proven abil- 
ity to serve as offshore foundations is a reasonable tradeoff even at extreme 
water depths. This means that the monopile foundation will be a valid 
option for many years for offshore wind farm installation. 


Jacket Foundations 


A jacket foundation is a lattice structure made using the same principle as a 
lattice tower for a TV aerial or radio transmission mast. A square cross sec- 
tion with the structural members is fitted to four corner tubes to create a 
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Figure 11.2 This monopile foundation is ready for installation of the tower. Courtesy of 
A2SEA. 


light and strong construction that will withstand large forces at light 
weight. 

For the offshore jacket foundation, the idea is to have a small cross-section 
in the splash zone—the area in the water column at the surface where the 
waves are strongest—and thereby to reduce the forces created from the waves 
when passing the foundation. Contrary to the gravity-based foundation, the 
monopile, and the tripod, the jacket foundation—since it is made from small- 
diameter steel tubes—does not have a large surface that the waves can attack. 
The other types of foundations all have a large cross-section in the surface re- 
gion due to the tubes protruding from the water. This means that the jacket 
can be built lighter, but there is a price to pay. 

While the jacket is strong and lightly built, the nodes—the positions 
where the tubes are welded together—are extremely difficult to manufac- 
ture, and the cast high-tensile steel nodes are very expensive. Furthermore, 
all the weldings on a jacket are handmade. It has not yet been proven effi- 
cient to manufacture jackets using welding robots and other types of auto- 
mation in the process. This is not the case for the monopile, which is largely 
manufactured using welding robots and a large degree of automation. 
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So while the jacket presents some interesting advantages for the owner in 
terms of low wave loads, high capacity to carry turbines, and the ability to 
stand in very deep water, the downside is, of course, the price and the com- 
plexity of manufacturing the jacket. 

It is also important to note that the same principle, which dictates that the 
gravity-based foundation must be manufactured well in advance and takes 
up a lot of onshore storage space, is valid for the jacket (and the tripod) as 
well. The manufacturing time for a jacket is longer than one week, if not 
calculated in four to six weeks. This means that just-in-time manufacturing 
is not feasible. Furthermore, in order to stand by means of the slender lattice 
structure, the footprint of the jacket becomes very large. Usually the foot- 
print is around 24 x 24 m. 

Therefore, given that this type of foundation is used in very deep water, 
the length of 50 plus meters will prohibit horizontal storage due to an area’s 
capacity. You must be able to move the foundations around in order to load 
them on the transport/installation vessels. So the obvious solution is to stand 
the foundations up for as long as possible. However, there is a limit to doing 
this as well: wind. 

The wind will, of course, try to topple the foundation, and this will be a 
major criterion when deciding where to store the foundations. The chal- 
lenge has not yet been addressed due to the small numbers of jacket foun- 
dations previously installed on one single site. The Alpha Ventus site has six 
jacket foundations and six tripod foundations, and storage was carried out at 
the fabrication yards: large ship/oil rig yards that had the capacity to store 
such numbers. It will be interesting, however, to see what happens when 
60 units need to be stored for a project. 

Because of the size of the foundations, they will probably be built in a ship- 
yard, so it will be helpful to arrange for a storage area in the port. For example, 
if the foundations are supplied to a German project, they could be built by a 
local manufacturer such as WeserWind on the North Sea coast. 

With a footprint dimension of 24 x 24 m, even a few foundations will 
take up more than 6000 m’, and this area must be directly in front of the 
bulwark of the pier because transport of the foundations is very difficult, al- 
though it can be done with extremely large equipment, such as SPMT 
trailers or the like (Figure 11.3). 

In case, for example, 80 repower turbines are chosen, the logistical chal- 
lenge can only be met by using such equipment, since the need for storage 
space far exceeds the 40,000 to 60,000 m? that is normally required for foun- 
dation and turbine installation. Furthermore, a setup where at least 40 of the 
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Figure 11.3 Port transport of a jacket. Courtesy of Talisman Energy. 


jacket foundations are manufactured early can be the consequence. Even 
more likely is the need to split the fabrication of the foundations between 
two or even more yards. 


Installing Jacket Foundations 

The installation of the jacket foundation is actually fairly straightforward. 
The principle is that the jacket stands on four anchor piles—one at each 
corner of the foundations. The anchor piles are fitted to the jacket using 
so-called pile sleeves, and the connection between the anchor piles and 
the jacket is established by means of grouting (or casting) the anchor pile 
in place using high-tension concrete (Figure 11.4). 

However, the process is slightly more complicated, since we didn’t men- 
tion anything about how the anchor piles got into the seabed or how the 
jacket was placed on the anchor piles. And, as always, the devil is in the 
details. 


TRIPOD FOUNDATIONS 


A tripod is a different type of deep-water foundation. While it has a relatively 
small cross section in the splash zone—due to only having one large tube, 
compared to the jacket, which has several smaller tubes protruding from 
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only the support structure is different. Courtesy of renewable energy sources.com. 


the splash zone—the tripod also uses a number of anchor piles fitted through 
the base of the foundation (Figure 11.5). 


INSTALLING FOUNDATIONS 


Most projects can be accommodated by using one or more of the preceding 
four types of foundations. A monopile is suitable for shallower sites of up to 
25 m. Some examples are the projects Horns Rev, Kentish Flats, Rhyl Flats, 
Barrow, and Greater Gabbard. The method of installing is simple and is done 
quickly, compared to the jacket, tripod, and gravity-based foundations. 

Due to the size of the foundations, the wind farm owner should consider 
whether it will be possible for the manufacturer to deliver directly at the off- 
shore position (Figure 11.6). This is, of course, particularly relevant if the 
supplier is from outside the vicinity of the project. An example would be 
if the supplier was from Denmark—-say, Bladt Industries—and the project 
was in the United Kingdom. 

If this were the case, would it make sense to transport the foundations to 
the onshore port facility in the United Kingdom, store them and reload 
them onboard the installation vessel, and transport them to the site to install 
them? Most likely not. The direct route is more cost-effective, and if the 
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Figure 11.5 Tripod foundation for the Alpha Ventus project. Courtesy of the website 
renewableenergysources.com. 


Figure 11.6 Delivering from offshore. Courtesy of A2SEA. 
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supplier has enough storage capacity, it will be easier and less expensive to do 
a direct transit to the offshore site. 

This becomes very interesting both timewise and financially because 
storage in a yard is normally much less than in a commercial port. The 
can be done by loading the foundation onto a barge from the supplier, 
and the barge will then be towed directly to the offshore position. Then, 
the foundation will be erected and placed by an installation vessel. Upending 
a monopile is both complicated and dangerous. Some piles have actually 
been dropped by inexperienced contractors. In this case, however, the 
A2SEA crew has everything under control (Figure 11.7). 

All four types of foundations are so rugged that it is possible to mount 
them with a floating crane. This is already done in the offshore oil and 
gas industry and more recently with the monopiles on the Baltic 1 project 
in 2010. Therefore, this method can be used for the erection of the foun- 
dations as a good, safe, and tested method. 

Considering that the foundations—in particular jackets and tripods—can 
be transported either standing or laying on the barge, it can be determined 
how far away from the site that production of the foundations can take place. 


Figure 11.7 Upending a monopile on the deck of Sea Worker. 
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The wind farm owner should consider production in places where the cost is 
low because transport on a barge is cheap and reliable. Calculations on this 
point should be dealt with in the prequalification phase—that is, whether to 
manufacture foundations in places like the Baltic area, Spain, Portugal, or 
even further away, and then transport them directly to the offshore site 
for erection. 


Transport for Foundation Installation 


The transport for installation of the foundations can be done in two different 
ways. With a barge and a tugboat, transports of foundations directly from the 
manufacturer to the offshore construction site are easily done (Figure 11.8). 
Then, by using an installation vessel, the foundations are installed into the 
seabed. This method is considered feasible, safe, and reliable and is used 
already in the oil and gas business. 

With a specially equipped crane vessel, the foundations can be picked up 
directly from the manufacturer. This will mean a shorter distance from the 
manufacturer to the construction site. Picking the foundations up directly 
from the manufacturer is preferable so that the crane vessel does not have 
to be under charter for too long. 


Figure 11.8 Offshore transport of a jacket foundation. Courtesy of Talisman. 
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The foundations must be loaded in the shortest possible time and trans- 
ported to the construction site. Upon arrival at the onsite location, the foun- 
dation is lifted from the crane vessel or barge and positioned and fixed with 
piles driven into the seabed. This also is a good and reliable, but far more 
expensive, method because the crane vessel is more expensive than a barge, 
tug, or sheerleg crane. In addition, the installation process must be carried 
out quickly in order to save money. 

Both methods should be considered and as much information as possible 
should be obtained before the project is begun. Choosing the best transport 
and mounting solution will save both cost and time. The logistics of the pro- 
ject can change dramatically, however, if the Vestas turbine is chosen. Then 
it will be advantageous to move all of the foundations from the manufacturer 
in large batches directly to the construction site and to keep storage of piles in 
the Bremerhaven harbor. 

The second solution gives very limited choices on manufacturers and a 
loss of possibilities if the prices from low-cost areas are not investigated be- 
cause the quality normally is very good. The range of floating cranes in 
northern Europe is excellent, and a competitive price can be negotiated. 
Furthermore, experience has shown that installation can be done quickly 
and favorably (Figure 11.9). 


Figure 11.9 Photograph of one of many floating cranes available. Courtesy of Talisman. 
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Furthermore a combination of tugboat and barge can be made, both in 
Germany and other European countries. Competition between the different 
contractors gives better transparency in the price calculation, which can give 
the wind farm owner a fair chance of saving money. 


Securing Installed Foundations 


When the jacket foundations are erected, they must be secured with the 
driven piles. This must be done at the same time as the positioning of the 
foundation, which means that a rather large barge is needed because the piles 
are 30 m long or more. All of the piles must be transported at the same time 
and driven with a hammer before the foundation is secured. The grouted 
connection between piles and pile sleeve in the jacket must be cured before 
it is possible to erect the turbines. 

Because of the small diameter of the piles, it will be possible to choose bet- 
ween several subcontractors. Normally this is offered by offshore subcontrac- 
tors and gives a seamless installation procedure. When the piles are driven into 
the seabed, the foundation must be leveled. This is done by preinstalled jacks 
on the pile sleeve. Then the annulus between the pile and sleeve is filled with a 
high-density silicate concrete and left to cure. 

When the grout has cured, the hydraulic jacks can be removed and used 
for the next foundation. In comparison with the monopile, the erection ofa 
jacket or tripod is far more cumbersome, but it certainly lasts longer. This 
must be considered when a time schedule is drawn up. However, ifa Vestas 
turbine is chosen, a large-diameter monopile is needed as a foundation. 

Only a limited number of manufacturers can be found in Europe, since 
rolling of thick plate dimensions and welding the tubes are work for special- 
ists. One of the most experienced 1s the Netherlands-based Smulders Group, 
which is capable of manufacturing large numbers of monopiles and has done 
so for several offshore wind farms. 

The pile driving is simple and straightforward. The pile is driven to the 
desired depth, and a transition piece is mounted and leveled in the same way 
as the jacket—by means of hydraulic jacks—and the annulus is filled with 
grout and left to cure. 


IMPORTANT THINGS TO CONSIDER 


Allin all, the following must be considered when transporting and erecting 
any foundations. 
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Harbor 


It must be possible to manufacture the foundations either close to the pier 
edge or by a manufacturer with unhindered access and ability to transport to 
the edge of the pier, or from another place of manufacture directly to the 
offshore site by using a barge or crane vessel. 


Loading 


In the harbor, it must be possible to either lift or roll the foundations on- 
board. The best solution is rolling when using a barge, and the cost of 
the transport process will be low. When using a crane vessel, it could also 
be done elegantly, but probably the cost will be higher. 

The following must be defined: 


* Access and criteria for loading on the vessel or barge 
* Criteria for seafastening—that is, procedures and equipment 
* Conditions for approval of seafastening 


Transport 


The foundations can either be transported by tug and barge to the construc- 
tion site or loaded on a crane vessel. It should be noted that the 
“Nordschleuse” lock in Bremerhaven is only 35 m wide. This means that 
at least two, maybe three, of the preceding offshore contractors will be ex- 
cluded because their equipment cannot pass the lock. It is extremely impor- 
tant to make bidders for the project aware of this in case Bremerhaven is 
chosen as the site harbor. 


During and after Departure 


It is important to pay attention to the items described in the following 
sections. 


Installation Offshore 
The installation procedure should, as an absolute minimum, include a de- 
tailed summary of the various manuals and instructions relating to both ves- 
sels and crews. This is required in order to assess whether there is sufficient 
capability and resources for carrying out the work as desired, without risking 
either equipment or personnel. 

When fitting components, attention must be paid to weather limitations 
on the chosen equipment, and before leaving the harbor, it is essential to 
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Figure 11.10 This is an unusual photo of the North Sea and was taken when installing 
the Beatrice turbines. This is not how most of the days are in that area. Courtesy of 
Talisman. 


have a recent weather forecast available. The importance of long-range and 
accurate weather forecasts is underlined by the fact that traveling distances 
are more than 100 km and at a speed of around 6 to 8 knots at best, traveling 
times last up to 10 hours (Figure 11.10). 

Lying idle in the port or onsite without any possibility of working 
for long periods, and not being able to return to port, can be a disaster 
to the time schedule. Thus, the offshore contractor and the wind farm 
owner must jointly decide on a supplier of weather forecasts that can be 
accurate for up to 72 hours and provide fresh updates at a minimum of 
every 6 hours. 


Positioning the Vessel and Wave and Current Conditions 

When it comes to jacking procedures, how and at what wave heights and 
periods can the vessel operate? What about calculated penetration, preload 
times, and pressures? For this, a determination of methods, as well as specific 
instructions for the project, must be made. 
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Figure 11.11 This photo shows a more typical day in the North sea. The wind blows and 
the waves are reasonably high, if not very high. Courtesy of Talisman. 


When considering lifting methods and lifting procedures, the capacity 
and type of equipment must be determined. Which wind force can the 
lifting withstand, and how long before the limit is reached must work stop 
in order to secure the crane and components from overload? Who does what 
during the procedure, and who is responsible for the correct lifting equip- 
ment and pile driving spread? (See Figure 11.11.) In addition, working pro- 
cedures and instructions for the specific project must be made because a 
method that worked for one project might not work for another. 


Pros and Cons of the Different Methods 

So, why is one method better than another? And why does one method 
work better than another? The reasons are many, and they are worth 
discussing. 

If you choose a monopile and install it using an afloat type of vessel, the 
timing of the process will be critical. The normal weather window in which 
this process can be made is lower than for a jacked-up vessel. But the isolated 
cost of the installation vessel can be lower. However, as we will see later, the 
cost of the entire BOP will be higher because the requirement is for more 
equipment and a longer duration onsite. 


174 Offshore Wind 


If you choose a different type of foundation—-say, a tripod—then some 
of the installation vessels, afloat or jacked, will not be able to handle the 
foundation for different reasons. Here are some examples: 


¢ The Svanen with more than 8000-ton lifting capacity 
¢ The Resolution with 600-ton lifting capacity 

¢ The Sea Jack with 1200-ton lifting capacity 

¢ The Swire Orca with 1500-ton lifting capacity 


So what makes one or more vessels capable of handling a tripod and not 
others? The reasons could be the following: 

The Svanen cannot lift and place the foundation because the footprint of 
the tripod is too large to fit between the pontoons of the installation vessel. 
Even though the vessel has the highest lifting capacity of all the ones just 
listed, the component—in this case the foundation—will not fit where 
the crane hooks can lift and place it. 

The Resolution may be marginal, even though the lifting capacity was re- 
cently increased from 300 to 600 tons. But this capacity lies close to the stern 
of the vessel, and again the footprint of the foundation may prohibit it from 
being able to launch it over the stern. This must in any case be carefully in- 
vestigated before chartering the vessel. 

The Sea Jack from A2SEA may be able to install the tripod provided the 
foundation is turned to the right side against the vessel. However, it will 
not—like the Svanen—be able to transport it out to the site and therefore 
automatically requires a transport barge. But this in itself may not necessarily 
disqualify the vessel for the process. 

The Swire Orca was designed to be able to transport this type of founda- 
tion and will surely be able to transport and install it. But the Swire Orca 1s 
no longer available, so we have to find another solution. 

The tradeoffs are therefore cost, availability, and capability of the vessel. 
The contractor may choose a less expensive installation vessel in order to get 
the job done. There might be no other alternative to chose from, so the 
weather criteria will be lower than the optimum solution. Furthermore, 
the cost of tugs, barges, and other support vessels will in the end be higher 
than the ideal case, but this is the reality the contractor has to work with. 

This means that until the market for installation equipment is filled up 
with second- and third-generation vessels, the industry will keep seeing so- 
lutions that are the best possible alternatives from the available tonnage in the 
market. This will keep costs high. 
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How Does the Chosen Method Work? 

It is, of course, completely individual how the chosen solution works. But 
let us for argument’s sake, take the Sea Jack, a transport barge, and two or 
three tugs, and let us run through the sequence. 

The first task is to load the tripod onto the transport barge. This is done 
in port where the tripod is manufactured, and here there can already be 
some challenges. Some of the ports where tripods are manufactured have 
navigational limitations. Height is an issue if there are bridges, such as 
Lowestoft in the United Kingdom, where previously the port area for wind 
installation vessels was restricted to the area in front of a bascule bridge. 
Width can be a concern if there are locks or narrow navigational channels, 
such as Bremerhaven, where the foundation manufacturer is located behind 
a lock gate with a beam restriction of 32 m. 

First of all, the barge must be wide enough to support the tripod. The 
footprint is around 24 to 25 x 25 m; this is quite big. A reasonably large 
barge must then be mobilized to transport the tripod. Furthermore, the tri- 
pod 1s heavy and very tall. This means that the center of gravity is positioned 
far above the barge deck. This must also be considered when ordering the 
transport barge. 

A naval architect or master mariner will be able to calculate stability based 
on the barge characteristics; an educated guess would be that a barge in the 
region of 28 x 75 to 90 m will be a good choice. However, it should be noted 
that the size can only be determined by a direct calculation. 

Once the barge is chosen, the next item is to load it. This would possibly 
be done by a floating sheerleg crane in port or, if possible, as a rollout by 
means of heavy goods trailers—also known as self-propelled modular trailers 
or SPMTs. The loading could be carried out in either way. The sheerleg 
would possibly lift the tripod from the pier and reposition it in front of 
the barge and offload it onto the deck. 

Once positioned on deck, the tripod will be seafastened by means of 
brackets and knees welded onto the deck and finally secured with heavy-duty 
chains. The marine warranty surveyor will oversee the entire operation, and 
when satisfied with the proceedings, the surveyor will sign offon the transport. 

The barge will be moved out by means of two tugs for maneuvering in port 
and through the access channel. Once again, a set of challenges lay ahead. Ifthe 
navigational channel is narrow with a fixed route, navigating the barge will be 
difficult. Other vessels in the area must either give way or the time of transport 
must be planned so that the tow does not interfere with other traffic. Other- 
wise, the other vessels must respect the towing of the barge. 

Situations similar to this occur frequently for transports of wind farm 
components. In several projects, A2SEA transported three or four turbines 
with rotors fully assembled on deck. This meant that the installation vessel 
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was around 70 m wide. Transiting through Storebzlt in Denmark, which is 
the main access route to the Baltic Sea, meant that the vessel was a severe 
hazard to other traffic. The planning of the transports were therefore carried 
out very meticulously, and an added complication was that in one event 
there was a sailing regatta with more than 2000 sailing yachts attending. 

Figure 11.12 shows the enormous fangs that the vessel presented when 
going through the Storebzelt main traffic route, but even so, no incidents 
occurred due to detailed planning and a good HSE plan for the transport. 
So it is difficult to plan and to execute the transport of a load of these 
dimensions, but with careful scrutinizing of all of the parameters that need 
to be considered, even this type of freight can be safely transported over long 
distances. 

Once at the offshore site, the barge must first approach the area of entry 
in order to get to the correct position. The tugs must position the barge and, 
under normal circumstances, moor it against the installation vessel or anchor 
it close to the vessel. The majority of installation vessels will not be able 
to accommodate the weight of the barge. If the current or the waves press 


Figure 11.12 Notice the enormous overhang of the rotor blades, only 6 to 8 m 
above sea level. A sailing yacht would easily be demasted if it collided with the 
vessel. Courtesy of A2SEA. 
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the barge against the installation vessel, the weight could endanger the struc- 
tural integrity, and therefore the normal procedure 1s to moor the transport 
vessel or barge close to but not against the installation vessel. 

This is difficult, and weather restrictions will be lower than the possible 
maximum of the installation vessel. This is due to the danger of one of the 
tugs losing grip or power, so the weather window will be considered to be 
lower than if the installation vessel was carrying the foundation itself. If this 
were the case, the weather window would be defined as the tradeoff 
between the vessel’s capabilities and the foundation’s maximum dynamic 
contribution to the lift due to the buoyancy effect when passing through 
the water column. 

Dynamic effect is the next issue that has to be considered. When the 
installation vessel lifts off the foundation, the difference in movement be- 
tween the two floating bodies—or the jacked installation vessel and the 
floating barge—will introduce acceleration forces to the load. This force 
is the dynamic effect, which will be significant. 

Therefore, an offshore crane is designed different from an onshore 
crane. The offshore crane has the dynamic effect designed into the steel 
structure, the winches, the ropes, and all other structural parts of the crane. 
This means that the dynamic forces from lifting a load will be taken up by 
the crane—at least to a certain extent. This must be calculated carefully 
before lifting any load offshore. 

The lifting offshore is therefore the most crucial operation of all. Plan- 
ning and preparation must be defined, calculated, and described in detail be- 
fore setting out on the offshore venture. The marine warranty surveyor will 
ask for this documentation before loading the foundation on the barge. The 
preparation of all these documents must be done by the installation contrac- 
tor and the manufacturer of the foundation prior to loading because once 
the marine warranty surveyor arrives, that person will decide whether 
the load goes out of port or not. The detailed lifting plans, and if possible 
in 3D animation (a number of software programs can simulate the transport, 
lifting, and placing of foundations offshore), will determine whether this is 
the case or not. 

But hang on! The Sea Jack has a Manitowoc M1200 crane onboard. This 
is an onshore crane! Onshore cranes are not designed for dynamic lifting. 
Thus, the derating when using them offshore for dynamic lifting or lifting 
from a listing, or heeling, vessel, and the onshore crane is only designed from 
a horizontal position. (Listing is the technical term for the vessel having an 
inclination in either the longitudinal or transverse direction due to wave 
movement.) Therefore, an inclining position will result in a derating of 
the crane of up to 50 percent of the lifting capacity. 

So the lifting operation (offboard—the technical term for lifting a load 
over the vessel’s side when either the load itself or both load and transport 
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vessel are buoyant—must be considered a zero seastate, or less than 0.5 m 
significant wave height. This is so as not to demonstrate the structural 
integrity of the crane. Once lifted off the transport barge, the tugs can 
tow it away. The installation vessel—in this case the Sea _Jack—will have 
the load hanging free in the hook and can start lowering the foundation to- 
ward the seabed. 

Lifting offboard will be an issue once again when the foundation is 
lowered through the splash zone and placed on the seabed. If the tripod 
is lowered too fast, the closed chambers formed by the tubular structures 
will give the foundation buoyancy. This has happened on previous projects 
where the crane operator has let go too fast. If this is the case, the foundation 
floats briefly, and thereby the wave load will fully impact the foundation and 
thus also the crane. This is extremely dangerous, especially if using an on- 
shore crane. This procedure must therefore also be planned in great detail 
prior to leaving port. Once placed on the seabed, the transport and lifting 
procedures are concluded, and the foundation can be driven into the seabed. 


The preceding demonstration should not be taken as negative but should 
be viewed as various tips to be considered. Hopefully, they demonstrate the 
number of tradeoffs that are part of the decision-making process during 
the planning stages in this industry, which has not yet fully matured. 
Furthermore, there are several problems that should be taken into consid- 
eration, that were only briefly discussed here. Issues such as the onsite scour, 
which is related to currents whether tidal or another type, are also important. 

Scour is the phenomenon that occurs when a solid body is submerged in 
the water and is standing on or penetrating the seabed. The water passing by 
will have to change direction and flow around the body. But since no holes 
arise, the water passing the solid body must speed up in order to meet on the 
other side of the body. This causes turbulence in the water passing and 
creates a scour effect that erodes the seabed behind the body. 

This means that the water will erode the seabed behind the leg of the 
jack-up when it is fixed to the seabed. Over time this will cause the other- 
wise solid base the leg is standing on to disappear, and the leg will have no 
support any longer. This creates a dangerous situation where first the jack-up 
will start to lean to the side where the seabed is eroded, and if not detected, 
the jack-up may capsize. 

This should, of course, be avoided at all costs, and the normal way to 
ensure that the scour is not affecting the jack-up when working is to pen- 
etrate the seabed deeply enough to secure to firm ground regardless of the 
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scour effect. In short, the leg is normally flushed down through the top layers 
of the seabed to a depth that will be more than the calculated scour effect 
over the entire period when the jack-up is positioned and jacked on the po- 
sition. This is a normal procedure to mitigate the scour effect on the vessel 
and should be observed always. 
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Related Images 


Lifting tower sections 2 and 3, which have been preassembled in port prior to load-out 
to save time offshore. Lillgrund Wind Power Plant, 2007-08-04. Installation of wind 
turbine from M/S Sea Power. 
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Lifting the nacelle in place after bolting the tower sections together. Lillgrund Wind 
Power Plant, 2007-08-04. Installation of wind turbine from M/S Sea Power. 


Topping the process off by lifting and installing the rotor. Once this is done, the 
“mechanical installation” is finished. The turbine can be secured and left, then the crew 
moves on to the next one. Lillgrund Wind Power Plant, 2007-08-04. Installation of wind 
turbine from M/S Sea Power. 
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Monopile foundations installed and ready to receive turbines. 


Lifting and placing a monopile in the pile gripper. This process is called “stabbing” and here 
the challenge is to get the pile completely vertical before driving it with the hydraulic ham- 
mer. The process may take a while if you don’t get it right the first time. The pile will then be 
lifted slightly and placed again until it is perfectly in place on its final position. 
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Placing a 2-MW Vestas nacelle offshore. The Horns Rev 1 project was the first large-scale 
project carried out. While blessed with good weather and an early finish of the installa- 
tion, the startup and learning process was difficult and cost the author significant hair loss. 


| 


Moving the installation vessel around on site may require a tug to assist; especially true 
for the less-maneuverable vessels, which require backup if anything goes wrong. Reaction 
time is extremely short when you are 20 to 30 m away from the foundation. With 50 to 80 
turbines in your way, loosing steering power or an engine room blackout is a disaster. There- 
fore more and more vessels are now dynamically positioned, driving installation costs up. 
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Casting gravity-based foundations requires enormous amounts of onshore port space. 


CHAPTER TWELVE 


Vessels and Transport to Offshore 
Installations 


The offshore wind industry developed very quickly from 2007 to 2010. This 
means that a number of new vessels to install the offshore wind turbines have 
been proposed and some are already under construction. This was not the 
case originally. 


TYPES OF VESSELS 


The first projects were installed using whatever was available at short notice 
and low cost. This was not really problematic as such since the projects were 
small in scale, comprising only a few turbines and in sheltered waters. The 
last project of this kind was Middelgrunden, which was mentioned at the 
beginning of this book. 

This project became the defining point of the entry into large-scale wind 
farm installation. The project was installed using the jack-up barge JB-1 from 
Muhibbah Marine in Germany, and the solution was the smallest possible to 
install the turbines. The area where the Middelgrunden wind farm was 
installed is only about 2 miles from the old shipyard Burmeister & Wain 
in Copenhagen, so the foundations—fabricated and installed by Pihl & 
S@n—could be manufactured in the dry dock and lifted by an adapted lift 
barge from Eide Barge in Norway. 

This system worked, with some small problems, such as running aground 
in the very shallow waters and some weather delays, but all 20 turbines were 
installed, and the project as such was a success. However, it led to the con- 
clusion among other stakeholders in the industry that “real” offshore ex- 
posed sites could not be serviced by this type of makeshift equipment not 
only because of its limited capacity both in terms of lift and transport, but 
also the inability to negotiate the open sea during construction. 

The research for new and better vessels had begun, and companies such 
as A2SEA and Mayflower Energy emerged with different philosophies about 
the installation of wind turbines offshore, one being a semijackable vessel 
(A2SEA) and the other a self-propelled jack-up vessel later known 
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as a TIV (turbine installation vessel) from Mayflower Energy. The two 
companies would go on to dominate the installation of wind farms offshore 
over the next decade. 

Basically there are three main trends in offshore vessels for the installation 
of foundations and wind turbines. The three types have been used widely 
and in many cases adapted to the specific task of installing a wind turbine 
offshore, since this is the most complex operation to carry out; they are de- 
scribed in the next sections. 


Self-Propelled Jack-Up Vessels 


This vessel is capable of loading foundations or wind turbines using its own 
crane and transporting them to the site under its own power and then 
jacking up with an airgap to the water. The foundation or wind turbine 
is then installed using the crane and various onboard rigging and/or lifting 
equipment. 

Thus, this vessel’s main feature is that it is completely self-contained. It 
does not rely on other vessels to assist in any of the operations. This type of 
vessel is the most expensive for installation, but for several reasons it is also 
the most cost-effective vessel of all. The self-propelled jack-up vessel is the 
preferred type of vessel for the future; a number of them will be built and 
start to come into operation. 

There are, however, other types of vessels, also new builds, that are not self- 
propelled and that have great appeal to a number of people in the industry. 
These are self-positioned, but they have jack-ups and towed jack-up barges that 
cannot move to and from the site without the help of one or more tugs. 


Tug-Assisted and Self-Positioning Jack-Up Barges 


The main difference between self-positioning and self-propelled jack-ups is size 
and maneuvering capability. The self-positioning jack-ups are actually glorified 
jack-up barges with the capability to move around onsite within certain weather 
criteria. However, for transit to and from port, they need towing tugs to help 
them move. 

The barges themselves are smaller than the self-propelled jack-up vessels 
because they are meant to stay onsite and install components, be it foundations 
or turbines. On the other hand, one or more towed jack-up barges will feed 
the installation jack-ups with components, thus making transit unnecessary. 

The logic is, of course, striking, at least on the surface, and later in this 
chapter we will discuss the pros and cons of the approach and whether it 
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actually makes sense to do so. The main reasons behind the strategy of the 
self-positioned jack-up, as well as nonpropelled jack-ups, are as follows: 


1. The cost of building as a propulsion package for transit is significantly 
higher than the positioning package. 

2. The jack-up can stay onsite and lift components while being fed from 
other barges. 

3. The less costly transit barges can use weather windows better since the 
installation vessel is not wasting precious time going in and out of port. 

4. The installation vessel, in general, can be built smaller because the load- 
ing capacity is surplus to requirements. The necessary capacity will be 
one or two units—normally focused on turbines—because the rest will 
be delivered by feeder barge. 


That the system works is beyond doubt. A2SEA has tested it during instal- 
lation of the turbines on the Robin Rigg project, and the installation con- 
cept performed well. 


Floating Equipment 

The third category is floating equipment, and this has been part of the in- 
dustry from the early 2000s. This type has worked on the foundation instal- 
lation side, although early in the mid-1990s, Vestas and Bugsier installed 10 
smaller turbines offshore at the island of Tung in Denmark. 

For turbine installation in offshore and exposed waters, floating equip- 
ment has so far proved unsatisfactory. But for the installation of monopiles, 
the floating equipment has performed well, and various types of equipment 
have installed several wind farms in both the North Sea and the Irish Sea. 
There are, however, concerns that must be considered: 


* The delivery of foundations from barge to barge is very cumbersome and 
takes a long time. 

¢ The safety in this type of operation is not as high as working from the 
installation vessel only. 


Therefore, the future will bring vessels that are self-propelled and capable 
of transporting the foundations themselves. For this type of heavy offshore 
work, crane vessels (e.g., Magnificent and Stanislav Yudin), those discussed in 
the next section, will become major contenders in the installation of the large 
and complex foundations in the offshore waters of the North Sea. The smaller 
jack-up vessels are not ideally suited to this type of work. 
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TRADEOFFS WHEN CHOOSING A PARTICULAR VESSEL 


When making the choice of installation vessel, the wind farm owner or main 
contractor will have to weigh several criteria against each other. The cost of 
plant (COP) is significant to any project, and with daily rates of above 
125,000 euros, the balance of people (BOP) must therefore be correct for 
the project. Nothing could be worse than having the wrong equipment 
for the work to be carried out onshore—and offshore this is ten times more 
costly—so logically the rental or tendering for the BOP must be performed 
with great care and the specifications must be delivered by skilled and ex- 
perienced personnel. This is not always the case, mainly due to the low num- 
ber of personnel in the offshore wind industry. 

The COP is significant, and more often the owner has a low margin on 
the wind farm in operational mode. The offshore wind industry is not a 
spectacular market with high yields on turbines and large profit margins like 
those the offshore oil and gas industries experience. The revenue from an 
offshore wind farm is mostly known only for the lifetime of the farm. When 
this is given, it is easy to calculate what the owner can afford to pay to install 
and to operate the wind farm. 

In general, the internal rate of return is around 7 to 10 percent, depending 
on the market and how well financed (and installed) the wind farm is. There- 
fore the wind farm owner will look for the most cost-effective solution to 
install and operate the farm, and this most often determines the BOP rather 
than the optimal solution, which looks expensive but is very likely much 
more efficient in the long run. 

This favors the non-self-propelled jack-up and the less expensive floating 
equipment—which is not necessarily the case when all of the costs are cal- 
culated—and, as we said before, there is a dependency on more equipment 
when choosing the low-cost single piece of installation equipment. 


Example Vessel 


Let us use an example of 80 turbines to perform calculations. This also helps 
us to understand whether feeding or self-sustained installation vessels are the 
better solution. This is the going project rate at the moment, so it will serve 
well as an example. Further details are necessary: 


¢ Distance to site is 100 nautical miles (NM). 

¢ The vessels are towed at 6 knots if not self-propelled. This is the best 
towing window that can be achieved, and for this example, the speed 
is always 6 knots regardless of weather—for simplicity. 
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* Towing requires one tug and positioning onsite requires two tugs. With 
two feeder barges, this becomes three tugs. 

¢ The self-propelled vessel will transit at 9 knots. These go at a speed be- 
tween 9 and 12 knots, weather permitting, but for simplicity we choose 9 
knots always. 

¢ The feeder vessel will require two feeder barges. If the distance to the 
site is longer than it takes the feeder barge to do a complete cargo run 
(turnaround time), the requirement is two or more barges to keep the 
installation jack-up running. We have chosen two barges for this 
example. 

¢ The self-propelled vessel will take 8 turbines per trip. This will be a rea- 
sonable average between the new vessels coming online over the next 
two years. 

* The feeder barge will be able to take two turbines per trip. This is a rea- 
sonable number given that the size of the barge must reflect the cost 
of same. 

* Cost of the individual pieces of equipment is based on today’s average in 
the market: 

— Self-propelled vessel: 125,000 euros per day 

— Installation jack-up: 80,000 euros per day 

— Feeder jack-up: 75,000 euros per day 

— Tugs—40-foot Bollard pull: 8000 euros per day 


This requires an explanation. The feeder barge must be jacked up in or- 
der for the installation jack-up to lift the components off the deck. The HSE 
rules and the Marine Warranty Specifications require this. In this case, the 
installation jack-up and the feeder jack-up will be identical, except for the 
crane. If not, the feeder barges will determine the pace of installation, since 
their operational envelope would be lower than the installation jack-up. 

However, when purchasing a 500-foot offshore crane, you would pay 
around 8 million euros. Over a lifetime of 20 years for the jack-up, this cor- 
responds to 1200 euros per day—nominally. At an interest rate of 8 percent, 
this will be a bit higher—say, around 1400. For ease, we have chosen round 
numbers and set the cost of the crane at 5000 euros per day. In any case, this 
is not a staggering difference. 

We have excluded the cost of fuel, but it is clear that the tugs will use 
more fuel, and combined with the installation jack-up, overall consumption 
will be higher than for the self-propelled vessel. For this example we have 
chosen to regard the fuel consumption as equal. The installation of the 
turbines will take equally long, regardless of the method of transport. 
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Therefore, it is only—for this exercise—interesting to look at the BOP and 
number of days to install the turbines. 

We have considered the cost per day for the feeder barge plus one tug for 
towing. This gives the following daily transit cost: 


¢ One feeder barge: 75,000 euros per day 
¢ One tug: 8000 euros per day 


This is a total of 83,000 euros per day. This sum is marked with light gray in 
Figure 12.1. 

Here we have considered the cost per day for one feeder barge, one 
installation jack-up, and two tugs onsite, giving the following anticipated 
daily cost: 


¢ One feeder barge: 75,000 euros per day 
¢ One installation platform: 80,000 euros per day 
¢ Two tugs: 16,000 euros per day 


All cost in euros Self-propelled Feeder barge concept 
Cost/ Cost/ 
Unit day/unit day/unit 
Distance 100 nm 
to site 
Number of Nbr 80,000 
installation 
vessels 
Number 8,000 
of tugs 
Number 2 75,000 
of feeder 
barges 
Activity Cost/day Total cost Unit Cost/day Total cost 
Number 8.00 2.00 
of turbines 
per trip 
Load outs Nbr 10.00 125,000.00 1,250,000.00 75,000.00 3,000,000.00 
Transit time Days 0.50 125,000.00 62,500.00 83,000.00 62,250.00 
Number 10.00 62,500.00 625,000.00] 40.00 68,250.00] —2,730,000.00 
of transits 
Installation 80.00 125,000.00 |) 10,000,000.00 | 80.00 189,000.00] 15,120,000.00 
of turbines 


Figure 12.1 Costs spreadsheet for vessel example. 
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This is a total of 181,000 euros per day. The program would then look like 
what is shown in spreadsheet format in Figure 12.1. This sum is marked with 
dark gray shading. 

The conclusion is clear in this case. The self-propelled installation vessel 
can work just as fast—if not faster—and the cost comparison is such that 
the process of collecting turbines in port could be extended with the differ- 
ence in cost of almost 9 million euros, even though we have allowed for 
double the loading time in port. Therefore, there is little doubt that the 
feeder system is more expensive and does not bring the perceived 
advantages. 

So why should we use the feeder concept? The reason is simple: 
There are not enough self-propelled vessels available in the market that 
can handle the workload required. In addition, the vessels that are avail- 
able are not capable of carrying large numbers of components—if 
8 or 10 turbines are a large number, of course—and this makes it nec- 
essary to come up with a solution that will work on a project-by-project 
basis. 

The solution is to use two or more vessels, of which one or more are not 
self-propelled, but have the ability to deliver a part of the complete scope. 
One vessel can transport and jack up but not lift the components, and 
another can lift the components into place onsite but is not very suitable 
for transporting. 

The non-self-propelled equipment will be deployed in larger numbers to 
keep up the same pace as the self-propelled vessel. This is necessary in order 
to avoid waiting times offshore when installation is going on. By adding 
more pieces to the logistical puzzle, they can deliver the entire scope. This 
will not be less expensive for the customer, but in the end, it may be the only 
way to construct his wind farm offshore. 


ASSESSING EQUIPMENT 


Several factors must be considered when you wish to charter or buy instal- 
lation equipment. The following are some of the main concerns to take into 
account: 


* Impact on the logistical solution 
¢ Intake versus distance 

¢ Intake versus turnaround time 

* To feed or not to feed 
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¢ Impact on project time scheduling 

* Complete turbine installation—does it work? 

¢ Specifications on different types of vessels and what their impact is on the 
project 

* Cost and timing of projects based on the typical installation vessel’s 
performance 


The discussion is, of course, interesting, but we need to get some order 
into the process. It is important to understand what the various parameters 
will do for the process in order to assess which solutions are the best—maybe 
not in all cases but in the specific case we are working on. 

For this we created what is shown in Figure 12.2, which provides the 
parameters that will influence our choices. Comments in the figure are elab- 
orated on in the following sections. The figure can be read as a quick guide, 
where you fill in the vessel specifications and, if so desired, comment on 
what the requirements for each of the characteristics are to successfully install 
the project on which work is being done. 


Basic Information 


The basic information is what is obtained first for the process. Which vessel 
are we talking about? Is it available? Who owns the vessel? What is its main 
purpose—jack-up, transporter, cable-lay vessel, and so on? Once this has 
been established, we can allocate the vessel to the right individuals in the 
project organization. 


Type of Ship 

When contracting for the type of vessel needed, you must first determine 
which type to opt for. There are various options, as mentioned following, 
but they have different pros and cons that will influence your choice, such as 
price, capability, and, of course, suitability to the type of work to be done. 
This is, of course, important, and as we said before, the availability and spe- 
cifics of the project may dictate which options to develop for the particular 
project scope. 


Options 

Would you prefer a jack-up, self-propelled, jack-up barge, self-propelled 
semi-jack-up, or floating installation vessel? It is important to start looking 
at the requirements for the sailing and jacking. What can the vessel do, in 
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Type of ship: 


Shipowner: 


(Country: 


Use: 


Basic 


Loa [m]: 


information 


Beam [m] 


Height: [m]: 


Max. draft [m]: 
Builder: 
(Charter cost [kEuro/day] 


Operations/ |Charter minimun period [day] 


bookings Mobilization Cost [kEuro] 


Purchase cost [mEuro] 


Foreseen availability) booking 
Max, Payload [tn] 


Max, Deck Area [m2] 


Max, load per m2 [tn/m2] 


Loading |Deck Area shape/layout 


capacity |Open/close deck availability 
System: 


Maximum water depth [m ] 


Lifting speed [m/min]: 


Carrying capacity (per leg) [tn]: 


No. of legs: 


[Spudcan [m2]: 


Max. penetration depth [m] 


Propulsion system: 


Propulsion |Specification: 


and DP Manufacturer: 


systems — [Performance [kw]: 


Service speed [kn]: 
Type: 


Max. lifting capacity: [tn]: 


|At radius [m] ( related to max lift capacity) 


|At height [m] ( related to max lift capacity) 


Hook height [m]: 


Max. radius [m]: 


With payload [tn]: 


Lifting speed [m/min]: 


Max. wind velocity [m/s) 


Significant wave height [m] 


Position in ship layout 


Movement compensation system 


Crane Aux crane availability and characteristics 
Significant wave height [m] 


Max. wave peak period [s 


Wind velocity [m/s] 


Transit Needed visibility 


mode Transit velocity [kn] 
Significant wave height Hs [m] 


Max. wave peak period [s 


Wind velocity [m/s] 


Current velocity [kn] 


Needed visibility 


Jacking Lifting speed [m/min]: 


up/down _|Type of seabed 
Significant wave height Hs [m] 


Maximum wave peak period [s] 


OPERATION Wind velocity [m/s] 


MODES Current velocity [kn] 


Needed visibility 


Waiting for |Max. wave height for waiting on weather [m]: 


weather Wind limit for waiting on weather [m/s]: 
Significant wave height Hs [m] 


Jacked-Up / |Max. wave peak period [s] 


WTG Wind velocity [m/s] 


installation [Current velocity [kn] 


Needed visibility 
Vessel’s Wind turbine access system 


Access to vessel 


Movement-compensation system 


[Accommodations 


Crew 


accomodations| Passengers 


Helideck 


Figure 12.2 Parameters for a project can be displayed in a Vessel Assessment Sheet 
organized the same as this one or in another format that will provide the necessary 


information. 
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general terms? Is it a jack-up or a semi? This will be important for the pro- 
cess, and certainly the cost of the vessel is also determined by the capacities 
and specifics—that is, a self-propelled jack-up vessel is more expensive but 
also more effective. 

The floating vessel or barge is less expensive but also less flexible and can 
only work in calmer waters with lower capacities of cargo, transiting, and 
jacking. In addition, as we already said, the availability of a specific vessel 
will perhaps even to some extent dictate the method of constructing the 
wind farm. 


Ship Owner: Contract Partner, Vessel Operator 

The ship owner is normally also the installation contractor. The main point 
of contact will be through this contractor who will offer the vessel or vessels 
based on the requirement of the client. If there are no specific preferences, 
the experienced installation contractor will normally be able to determine 
the scope of work to offer or that is appropriate for the project that is to 
be installed. 

A general warning at this time is, however, necessary. Since the industry 
is still only about 10 years old, the number of really experienced companies is 
small. Therefore, you may receive quotes and scopes of work for offshore 
wind projects that are not feasible or will cost more and take longer than 
anticipated; this may be due to the inexperience of the contractor and/or 
the project owner. 

The various wind farm owners require different scopes of work, and 
based on the contractor/vessel owners vessels and capacities in general, they 
can offer more or less of the installation scope. Furthermore, the various 
vessel owners will not necessarily be able to deliver the whole BOP or 
SOW but only parts thereof and only under certain contractual agreements. 
This is important to keep in mind when starting the process of acquiring 
the BOP. 


Use 

What is the vessel going to be used for? This is, of course, the most important 
question to ask before approaching the vessel owner/operator. There is little 
point in asking a company to quote for installing wind turbines if the vessel 
cannot jack up. The use of the vessel and its abilities will determine how 
large your BOP is in order to transport and install the turbines. 
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Loa: Meters in Length 
This parameter is important for the seafaring capabilities of the vessel. The 
longer the vessel is, the better it will cope with the swell and waves coming 
from the bow direction. 

The vessel length is important for seagoing behavior, and, of course, 
length is half the parameter in terms of deck space. But as mentioned 
before, the longer the vessel is, the better it can handle the larger waves. 


Beam: Width of the Vessel 

This is a very important parameter because the beam determines the ability 
to withstand overturning wave forces from side waves. The relationship be- 
tween the hull beam and water depth is crucial. If the hull beam is narrow, 
the water depth in which the vessel can jack becomes smaller. If the beam is 
large, then the vessel can jack in deeper water. Therefore, the desire is to 
have a long and “beamy” vessel. The two parameters, length and beam, 
are the first criteria to be chosen in the design. 


Height 

The height of the vessel should be considered as two issues. Height, as in 
the height of the hull, is extremely important. Hull stiffness is given 
by the height of the hull plank. The stiffness of the hull plank determines 
the maximum distance you can achieve between the supporting legs. 
The shallower the hull plank, the shorter the distance. If you wish to 
have a shallow hull plank, you may opt for six instead of four legs on your 
vessel. 

Furthermore, the possible freeboard of the vessel becomes an issue. The 
International Marine Organization rules state the freeboard height of the 
vessel when it is rolling to the side. You must avoid freeboard loss and 
thereby immersion of the weather deck. The freeboard must therefore be 
high enough to meet this criterion. Furthermore, the stiffness of the hull 
is important for the bending inertia of the hull and therefore the amount 
of load that can be put on the vessel. 

Another issue regarding height is the air draft—the maximum height of 
the vessel when sailing—but this is less important. However, it should be 
considered when choosing ports and navigational routes. No overhanging 
cables, bridges, or power lines should be in the way. 
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Maximum Draft 

In very shallow waters, this is critical since the vessel could run aground, or, 
more important, it will not be able to use the propellers for positioning. In 
deep water it also becomes important because a shallow draft and very beamy 
ship will have less directional stability if not vastly overpowered at low speed. 

When positioning the vessel in a wind farm at low to zero speed, direc- 
tional stability is crucial. A draft between 4.5 and 7 m is desirable for this type 
of work. Interestingly enough, it seems difficult for the new second- 
generation vessels to comply with this. The required number of turbines 
on board to make the vessel cost effective will dictate the size of the vessel. 

The preceding statement regarding hull stiffness becomes valid since the 
steel required to maintain the stiffness will be significantly increased when- 
ever the hull dimensions are changed to a larger capacity. This again brings 
the draft of the vessel to a higher level and the most important requirement 
for a large section modulus of the legs when jacking the increased weight out 
of the water. 

So as you can see, design is an iterative process where a number of 
tradeoffs will be made to get to an acceptable design, where length, beam, 
draft, hull stiffness, and cargo capacity finally meet up. Once this is achieved, 
the cost to build the vessel must be within a reasonable budget that makes it 
attractive for the market to rent it. 


Operations and Bookings 


The sections that follow describe a number of items of the second major part 
of the spreadsheet in Figure 12.2. 


Charter Costs 

The charter cost per day is the price of renting the vessel for one day. There 
are several different ways of arranging the charter. They are normally agreed 
on to match the Baltic and International Maritime Council (BIMCO) box 
sheet terminology. BIMCO has developed a number of box sheets that 
determine the form of charter, the intended use of the vessel, the cost of 
the charter, and its duration. 

Several different forms are used. For the wind industry offshore, the 
Time Charter Supplytime 2005 is normally used. The document is an 
agreed-on standard contract that everyone in the shipping industry can ad- 
here to and is familiar with. However, the offshore wind industry has a num- 
ber of requirements in addition to the BIMCO box sheets, such as weather 
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downtime and delays where the charterer has special requirements it may try 
to impose on the owner of the vessel. 

Therefore, the charter cost is the day rate, normally for a fully opera- 
tional vessel, a time charter, where all costs of the vessel itself—insurance, 
operation and maintenance, and the crew and their daily provisions—are 
covered. 

Added to the day rate is the cost of fuel to operate the vessel and the lube 
oil for the engines, which are normally invoiced at actual cost plus a 15 per- 
cent handling fee. Usually if the charterer and the personnel are onboard, 
they will have to be invoiced for their supplies’ consumption and lodging 
costs, but this is normally individually agreed to outside the box sheet in 
a side letter or an actual installation contract. 


Minimum Charter Period 

Usually the charter period is determined when writing up the box sheet. 
This is important because the length of the charter will also influence the 
price, terms, and conditions on which the charter contract, or indeed the 
installation contract, is finally signed. 

Most owners, if not all, will try to get a charter period for as long as pos- 
sible. This is in order to secure the revenue that is required for the vessel. 
Therefore, the charter is normally fixed to a minimum 30 days or on a 
trip-by-trip basis. The owner will set a high price for these short-term char- 
ters, whereas 6-, 12-, 24-month, or even longer charters will be at a con- 
siderably lower cost per day, simply due to the fact that the vessel income 
is secured for a longer period. 


Mobilization and Demobilization Costs 
These are the costs for positioning and preparing the vessel for the installation 
work. Also, the costs of derigging and redelivering the vessel to the owner 
after completion of the work must be included here. This is also an important 
parameter regarding the actual cost of installing the wind farm. The vessel 
is usually occupied on another project when it is booked. The mobiliza- 
tion cost is therefore the cost of repositioning from the location where it 
currently is physically to the site harbor where the charterer wants to use it. 
Furthermore, mobilization cost can cover items, such as surveying the 
vessel—the on-hire survey—and rigging all the specialized seafastening 
and grillages, that are necessary to load and transport the various components 
to the wind farm. Obviously this will take some time, and the cost of the 
vessel during this period must also be covered. However, for ease of 
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understanding, the mobilization (mob) cost is the cost to position the vessel 
where it is needed. 


Loading Capacity 
The sections that follow describe a number of items in the third major part of 
the spreadsheet in Figure 12.2. 


Maximum Payload 

This is the actual weight of the turbine components you can load on the 
vessel, including seafastening. For the charterer, this is necessary informa- 
tion. Not only is it important to know what the cargo capacity is, but also 
it is necessary to break it down into the various components. 

Often the vessel is specified as having a dead weight, a light weight, anda 
cargo capacity, but the relationship among the three is not always under- 
stood. Dead weight is the total weight of the vessel—the cargo, the ballast, 
fuel, lube, provisions, personnel, seafastening, and so on. The dead weight 
brings the vessel to the maximum dratt it is allowed to have. Light weight is 
the vessel, only completely empty; no ballast or fuel is onboard. It is the 
weight of the totally empty vessel. 

The cargo capacity is the amount of weight you can load onboard that 
can move around. However, this includes fuel, lube, provisions, and neces- 
sary ballast. Therefore, the cargo capacity will depend on the weight, 
volume, placing, and distribution of loads onboard the vessel. 

It is important to have loads placed on board with a low center of gravity; 
(COG) then the balance of the vessel will be positive. The vessel has six free 
directions of movement—heave, pitch, roll, surge, sway, and yaw—but for 
this we will only consider the roll movement, since this is normally the most 
critical one. When the vessel rolls in the waves, the vertical center of gravity 
will move toward the side of the roll. This means that the weight distribution 
inside will shift—relative to vertical—and the vessel must in itself possess an 
equally large or larger moment of resistance that works in the opposite 
direction: the righting arm. The relationship between the two 1s called 
the metacenter height. 

Normally the relationship between the COG of the vessel and the cargo 
and the righting arm is such that the metacenter height is reasonably high, 
which gives a vessel roll period of between 6 and 8 seconds. Anything 
shorter than this will be extremely uncomfortable, and anything much 
longer will cause the vessel to right itself very slowly; this may not be desirable 
in the open waters—especially in the weather we are sailing in offshore. 
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For a more in-depth explanation of vessel seafaring behavior, I recom- 
mend that you consult the vast knowledge base of marine engineering and 
ship design. This has opened up a completely new world of intriguing and 
problematic possibilities for me. 

But the main issue of cargo capacity has another spectrum—namely, the 
execution of the installation program. The planning of the operation and 
execution program is partly determined by the number of components to 
transport and install per trip. 

Having said that, it is obvious that the number of trips to be made 
depends, of course, on the number of turbines, or foundations for that mat- 
ter, that the wind farm is to have. The tradeoff between vessel size and cost 
compared to the number of components to bring on board will also be im- 
pacted by wind farm size, the distance to the loading port, and the weather 
regime you may expect where the wind farm is located. So it is very impor- 
tant to understand the project’s sequence when you look to place the order 
for the vessel(s) that will install the wind farm. 

A low number of components (turbines or foundations) will mean a 
higher number of transit runs to and from port. If the number of turbines 
in the wind farm is small—say, 30—and you can transport 3 units, the 
number of days you will have to allocate to transit will be a minimum 
of 10. If the cost of the vessel is low, this is not a problem, but if the cost 
for transiting the vessel is high, project economics will suffer; given the 
duration of the installation ofa turbine is 1 day, the transit time is 25 percent 
of your cost. 

The problem will only grow bigger if the number of wind farm units 
increases. Thus, the 90-turbine wind farm will have the proportionate 30 
days of transit, but the duration of the project over the calendar year will 
increase. The length of the project gives you the problem of more adverse 
weather, since the project stretches from midsummer to spring and autumn, 
so the availability of days on which the vessel can work will be less. This in 
turn means that the number of nonworking days will increase and thereby 
cost. Therefore, the number of units—foundations and/or turbines—that 
can be transported at any given time must be as high as possible. 


Maximum Deck Area 

The maximum deck area is the total available free loading space on 
deck. The loading space only counts the usable free deck area, so if there 
is an area behind a leg or between two obstacles onboard, they can only 
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be counted—and used, by the way—if you can access them in one way or 
another. This is important in order to plan the layout of the components 
loaded on the vessel’s deck. The reason is clear. 

You can only utilize both to their maximum capacity if the area is free, 
accessible, and provided you can fit your components on the area. We dis- 
cuss deck-bearing capacity more later, and this too is important because a 
deck area that is accessible but cannot bear the load is also useless. Therefore, 
the free deck area must be as large as possible—on the given vessel—and 
have a high carrying capacity. 


Deck Area Shape and Layout 
How is the open deck shaped? As just mentioned, the area should be acces- 
sible both for crew and, most important, for the cranes onboard. The deck 
needs to be able to receive the components in a way that it is possible to load 
and lift them offshore without having to move them around. The deck area 
can be large but poorly designed so that there are blind angles or obstacles 
that can prohibit access to lift a component and store it on the vessel. 
Furthermore, some jack-up barges have a large deck compared to their 
size, but the installation crane takes up most of the space. For the untrained 
eye, the numbers seem great, but the actual usage is very poor. In some cases 
the components have been loaded onto the vessel by means of built-on sea- 
fastening outside the vessel’s hull. This is not particularly desirable either from 
a practical or a stability point of view. Although it has worked in the past, it is 
not cost effective, and the safety issues of having crew climbing the compo- 
nents become complex. 


Preassembly 


Which type of preassembly of the turbine is considered? To what level of 
completion of the foundation and/or turbine have the components been 
processed? Which type of seafastening does this require? Which installation 
method is derived by the preassembly stage? How will transit to site be 
performed and under what circumstances? What will be the matching 
weather criteria? 

If the components, such as blades, tower sections, nacelle, hub, and so 
forth, are loaded on the vessel as single items they will take up a certain 
amount of space and require a certain amount of handling both in port 
and offshore at the installation site. Preassembly addresses the number of 
components you can load—respecting the cargo capacity and the possible 
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usage of available deck area. Furthermore, the number of offshore lifts that 
are necessary to install the turbine will be determined here. The less you 
preassemble, the more lifts you have offshore and thereby the longer it will 
take to install the turbine. The preassembly can also help to optimize the 
usage of a poorly designed deck area. 

But the preassembly level is also dictated by turbine design in particular. 
Ifthe turbine nacelle is not fitted with turning gear—a device that rotates the 
hub after having installed one blade horizontally, whereafter the hub is 
rotated 120 degrees to install the next blade, until all three are fitted—the 
only possible method of installing the rotor is to preassemble the hub and 
three blades onshore. But this will significantly reduce the number of rotors 
you can load, and it will handicap the transit mode, weather window, and 
passage of port and navigation channels due to the extreme width of the ves- 
sel and rotors. 

Once again we have demonstrated that one tradeoff or another will seriously 
impact the manner, speed, and cost of installing an offshore wind farm. 


Open and Closed Deck Availability 


How is the vessel constructed? Are there a hold and hatches on the vessel so 
components can be stored on top of one another? This is one of my favorite 
arguments and the reason why the vessels I have designed and built look the 
way they do. 

The majority of the installation vessels have open box-shaped decks, 
which means that you can load on deck and nowhere else. What you see 
is what you get. It is also very simple to perform the loading plan because 
once an area is used, you can only optimize it in height by means of very 
costly scaffolding or towers or another means of shelving, so to speak. 

Therefore, the box-shaped open deck type of installation vessel— 
self-propelled or not—will either have a low intake (or loading capacity) 
or have to be built very big and voluminous to increase the intake. Ifa hold 
is covered by hatches, you can store components in layers on top of one an- 
other. This is an advantage because you can use the same area several times. 
But how does this work, since it is more costly to build a complex hull with 
hatches that can open and an empty cargo hold compared to the relatively 
flat box? 

It is also an advantage to have the hold built for a number of reasons, 
as follows. There are more that could be discussed, but these are the 
major ones. 
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¢ The hull plank height. The higher the side of the vessel, the stiffer it is, 
and thereby you can increase the distance between the legs. Building a 
box that is empty inside is inexpensive, and the empty space between the 
structural members at the top and bottom of the hull plank will serve as a 
cargo hold—for free! 

¢ The higher and stiffer the hull is, the less likely it is that you need six legs 
instead of four. But this also means a significant cost savings compared 
to the flat box hulls that are normally built with six legs, or of limited 
length. 

¢ Placing the heaviest components—usually the nacelles—at the bottom of 
the hull will increase stability dramatically. Ifyou can fit the towers to the 
tank top level (the floor inside the cargo hold is usually the top of the 
double bottom tanks and referred to as tank top), it may be possible 
to transport the towers fully assembled. This is a significant time saving 
when lifting offshore. If you only have to bolt the complete tower to the 
foundation as opposed to having to bolt all of the tower sections to- 
gether, you can save time and money. Furthermore, the cables can be 
fully fitted inside the tower, which means a faster commissioning time 
after mechanical installation. 


The Lifting (Jack-Up) System 


The sections that follow describe a number of items of the fourth major part 
of the spreadsheet in Figure 12.2. 


System or Type 

Jacking systems come in several types. There is, of course, the expensive but 
fast rack-and-pinion system that is known from the oil and gas industry, 
where almost all drill rigs operate this type of system, or the less expensive 
hydraulic systems such as hand-over-hand from various manufacturers, 
which are slower but certainly can save money. 

The choice of system is important because rack and pinion gives a high 
redundancy at a cost, but the vessels with hydraulic systems are much 
cheaper for the customer to rent. Until now, the majority of vessels operated 
hydraulic systems such as the hand-over-hand, with either a hydraulic pin 
connection to the leg or with a strong beam slotted into the toothing of 
the leg. New builds have been using the rack-and-pinion system, however, 
and it will be interesting to see which is used in the future. 
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Lifting Speed 
Lifting speed is the speed at which the leg is lowered or raised. This 
information is given for two situations: 


¢ Where the leg is lowered or raised, but with no load from the vessel 
¢ Where the leg has engaged with the seabed and is lifting or lowering the 
vessel from or to the water 


The rack-and-pinion system gives this value at full capacity. The lifting and 
lowering of the legs are usually twice as fast as raising or lowering the 
vessel—that is, under the load. 

The hydraulic types are slower and have more complicated systems. But 
speed is very important, since the jacking up and down of the vessel is critical 
in the relatively high waves; therefore it is necessary to know the jacking 
speed. 

There are tradeoffs if you choose the rack-and-pinion system; there are 
two options: electrical or hydraulic drive systems. The electrical is very en- 
vironmentally friendly since no hydraulic oils or other fluids will escape by 
accident, but the installed power capacity on the vessel will have to increase 
more than with the hydraulic system. Increased power will also mean in- 
creased cost of the vessel. 


Carrying Capacity 

Capacity is measured in tons per leg—the highest load on one leg during 
the operation. The maximum active load you can apply to one leg during 
the operation is, of course, critical. Not only will you have the weight 
of the vessel to consider, but the larger the vessel, the larger the system 
has to be. 

Earlier we determined that the larger vessel had more cargo capacity, and 
while you will not be lifting the legs—they go down to the ground, of 
course—you must be able to lift the vessel, including the cargo and ballast 
if required. So the system must be able to cope with the loads applied, and 
the system’s fatigue life must be designed to perform the required maximum 
loadings of the leg and jacking system throughout the entire life span of the 
vessel. 

Furthermore, it gives you the relevant ground pressure and jacking 
capacity of the vessel. You need to know exactly what ground pressure 
will be applied or else there is a significant risk that you will experience a 
punch-through—a situation where the ground below the leg gives and a 
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hole is punched in the ground with the leg. This may very well cause the 
vessel to capsize, and the risk of losing vessel and crew is imminent. 

This must be avoided and is dealt with by applying 50 percent more pres- 
sure on the seabed for a predetermined time. This preload is normally 
applied using passive pressure. This is in turn done by jacking to the height 
where the hull is no longer submerged or only just submerged in the water 
and blocking two diagonal legs and reducing the pressure on the other 
two—or four—legs. 

Leg pressure is also relevant if you can experience uneven loads, such as 
when the main installation crane is fitted around the leg. If this is the case, 
then the crane and the leg can require a nominal seabed pressure 50 percent 
or higher than the other legs. This has to be dealt with during design; higher 
loads mean larger leg and spudcan dimensions. In operation, higher loads 
mean higher preload pressure. 


Number of Legs 

So what is the optimal number of legs? There can be three, four, six, or eight 
legs, but the most common setups have four or six on the jack-up vessel or 
barge. The number of legs gives the jacking capacity in that the total nominal 
capacity of the jacking system plus the number of legs equals the complete 
jackable weight. You need to subtract friction losses and so forth, but in gen- 
eral this is the way it is calculated. 

Furthermore, the number of legs gives a certain level of security against a 
punch-through, since the loss of the sixth leg on a six-legged vessel can be 
considered less critical than losing the fourth leg on a four-legged jack-up. 
Losing the third leg on a three-legged jack-up. . . well, we can figure that out 
individually. 

It should be repeated here though that the number of legs and their 
placement on the vessel can be in the way of the crane when installing com- 
ponents. Therefore, focus on the number of legs becomes relevant for a 
great number of reasons other than the obvious, which is jacking ability. 


Spudcan 
The spudcan is a box or octagonally shaped foot that will increase the foot- 
print of the leg when engaged with the seabed. This means two things: 


¢ Lower ground pressure, which gives a higher margin against a punch- 
through 
¢ Less penetration into the seabed due to the large footprint 
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Some jack-up vessels work without a spudcan. The leg penetrates deeply 
into softer seabed sediments, thereby standing not on the ground but by fric- 
tion of the leg against the surrounding soil. This is less desirable since the 
length of the leg must accommodate this, and the possibility that the leg gets 
stuck in the sediment is higher. 

Furthermore, the spudcan is designed to penetrate into the seabed to 
some extent in order to avoid underscouring of the leg, thereby experienc- 
ing a punch-through. This is a very important feature of the spudcan; how- 
ever, it poses another problem when retrieving the leg again. Therefore, 
spudcans should also be designed with flushing systems in order to flush it 
into the seabed and to flush out mud, sand, or silt when retrieving the leg. 


Maximum Penetration Depth 

The penetration of the leg—and spudcan, if any—is an important variable, 
but it also depends on the soil type. The penetration of the seabed should be 
limited to the largest amount of scour development while the vessel is stand- 
ing on the position. However, in soft seabeds, the leg must penetrate enough 
to find firm standing ground. The parameter is, however, not fixed and 
therefore a project planning parameter. 

Planning of the operation and calculation of the seabed penetration are 
crucial parts of the site-specific project manual that has to be produced 
before entering the offshore site. This must be verified by the classification 
society and approved by the insurance company of the client/charterer and 
the owner/operator of the vessel. 


Propulsion and DP Systems 


The sections that follow describe a number of items of the fifth major part of 
the spreadsheet in Figure 12.2. 


Propulsion System 
The topic of what is underneath the bonnet of the installation vessel is, of 
course, interesting, but it is less relevant than would be expected. Since some 
vessels are not self-propelled, the actual statement about which, if any sys- 
tem, is onboard becomes the act of picking whether there is one or not. 
The vessel’s type of propulsion, if any, should be examined to deter- 
mine what the capabilities on the specific site while you are installing 
will be. Understanding this will also give you a good feel for the duration 
of the project—related to the metocean information given, compared to 
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the vessels capabilities and the actual intended duration of the installation. 
Will they match or not? 

If the vessel is self-propelled, a description of the propulsion system is 
relevant in order to understand and to determine the power and capabilities. 
For this, a capability plot of the dynamic positioning system, provided the 
vessel has one, will be required. 

Dynamic positioning (DP) means that the propulsion and control sys- 
tems of the vessel will respond to the environmental impact of wind, waves, 
and currents while on position and the system will detect, monitor, and 
adjust the vessel so that it will and can maintain the same position and head- 
ing for a very long time—or at least until the capability of the system is 
exceeded. This is why the DP plot, which shows the capability of the system, 
is important to have. 


Specifications 

Which type of engine and propulsion system is installed? The options are 
MDO or MGO Diesel engines tier 2. All of the engines onboard the ves- 
sel should be tier 2 due to pollution requirements for ships built after 
2010. Tier 2 is the level of efficiency of the engines in the system and 
the amount of pollution emitted from the vessel while operating the 
engines. 

Although older vessels do not require tier 2 engines, it should be noted 
that we are working in an industry that is perceived to be environmentally 
friendly, and we cannot afford to be seen as polluters compared to existing 
carbon hydrate fueled systems. Therefore, a requirement for all vessels to 
comply with tier 2 specifications should be implemented. 


Performance 

The performance—or how many kW the system has to work with—is, of 
course, interesting. Normally, this is designed into the vessel, and the only 
relevance it has is whether it can operate the vessel, jack it, and work in a 
sensible manner such that, depending on the size of the vessel, it has the abil- 
ity to keep within the DP criteria set by the manufacturer of the vessel. 


Service Speed 

The speed of the vessel is, of course, relevant, especially for transit. How- 
ever, it should be considered that the transit distances are reasonably short 
and therefore the tradeoff on speed versus cargo capacity is interesting. 
The more turbines you can load, the slower the vessel can go. The worst 
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combination is, of course, a slow and small vessel with limited cargo capacity 
as discussed earlier. The transit speed is becoming more relevant, particularly 
for Round 3 sites in the United Kingdom and also for the German projects, 
which are located far off the German coast with considerable transit distances 
for the installation vessels. 


Crane Types 


The type of crane is probably the most important issue of all. The crane is the 
reason for supplying a jackable vessel—or platform in this respect. It is only 
in order to create a solid base for the crane to work from and thereby deliver 
the safety of the operation for the installation crew that is required. There- 
fore, type and size of crane are extremely important. 

For a crane to be able to lift 500 tons or more at the height and radius 
required for installation of the nacelle, in particular, the telescopic types 
of cranes are not practical anymore. A telescopic crane is able to extend 
and retract the boom to the desired length. The cost is, however, that 
the weight of the boom itself and the size will become impractical at some 
point. 

Furthermore, many mechanical parts work poorly with the saline envi- 
ronment of the offshore installation sites. Therefore, the choice should be for 
a lattice boom crane mounted on a pedestal or another type of lattice boom 
crane. The lattice boom luffing crane can be built to lift capacities of more 
than 7000 tons and work offshore on installation vessels. Therefore, it should 
be a luffing crane, pedestal mounted. 

However, smaller installation vessels are often fitted with crawler cranes 
on tracks, which, of course, are also cranes with considerable lifting capac- 
ities—up to 1200 tons; but crawler cranes are not ideally mated with the 
vessel and originally were built for onshore work. Therefore, you should 
avoid crawler cranes free on deck. 


Maximum Lifting Capacity 

For the charterer, the lifting capacity of the crane is, of course, immensely 
important. The crane must be able to lift and handle all of the components 
loaded on the vessel and to do this with high accuracy and a high margin of 
safety. Therefore, prior to chartering the vessel, it is important to determine 
the heaviest component to be lifted to its required height at the required or 
desired radius from the crane. 
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The capacity for most nacelles should be around 350 tons at the required 
height and radius. Weight, height, and radius required must be decided dur- 
ing the design work. 


Lifting Radius 

The lifting radius in meters determines the distance to the foundation the 
vessel has to observe when jacking and lifting the components in place. 
The normal distance is around 25 m from the vessel to the foundation pos- 
ition for the crane to operate; this is also a reasonable distance between the 
crane and the turbine. 

The crane operator must have the possibility to slew—swing—the crane 
around and work in front of it. If there is not enough clearance between the 
turbine and the crane, the crane will be working with the boom in the 
highest angle all the time. This will be a problem if a component doesn’t 
fit properly. Then the crane operator must be able to move around to op- 
timize the positioning and handling of the component. 


Payload 


The payload of the crane is defined in two ways: 


1. The heaviest load the crane can lift at the minimum radius 
2. The highest load moment the crane can achieve—that is, the load x 
distance to the slewing center of the crane 


An example is the 600-ton foundation that is to be set on the seabed at a 
25-m radius from the crane slewing center. This is the maximum load 
the crane can lift and the maximum distance the crane can lift it. Therefore, 
the crane is a 600-ton crane and 600 x 25 = 15,000-ton/m crane. 

But a blade would weigh in at, say, 10 tons, so this load should be able to 
be lifted by the same crane at a radius of 1500 m; however, this is not tech- 
nically possible. Furthermore, the weight of the boom itself will reduce the 
lifting capacity of the crane rapidly when increasing the boom length. How- 
ever, lifting a blade at 70-m radius gives 700-ton/m load moment, and this 
is, of course, within the technical reach of the crane. 

Basically the load moment of the crane is important, but the lifting 
capacity at the relatively short radii of this industry determines the capacity 
of the crane. Thus, a 600- to 1000-ton lifting capacity for the crane that 
would be used for lifting both foundations and turbines should be the target. 

For lifting of turbines only, the capacity can be reduced to 400 tons at 
25-m radius at a lifting height of 120 m; the lifting height is the final 
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component. The length of the boom will, as already stated, be a reducing 
factor for the crane and, with the increase in boom length, the capacity drops 
rapidly. 


Maximum Wind Velocity 

The wind velocity is the maximum wind speed at which we can no longer 
operate the crane. This is a difficult area because the crane can possibly work 
at higher wind speeds than the turbine can be installed at. But, in general, if 
the crane can do 12 to 15 m/s, then this is enough, either due to crane limit 
or limit for installing the manufacturer’s components. Waiting on weather is 
applicable to both situations 


Transit Mode 


Wave height limit is the point at which it is no longer possible to transit the 
vessel from one position to another. Usually this applies to the transit be- 
tween the port and the installation site. The transit Hs criteria normally 
matches the criteria for jacking up or down. This means that we start trans- 
iting to the site when the Hs is slightly—say, 0.5 to 1 m—above the jacking 
criteria but on a downward trend. 

In this way we can use the weather criteria for which the seafastening has 
been laid out to transit from the port to the installation site. This in effect 
creates higher usage of the weather windows onsite. However, the transit 
criteria is also limiting in that whenever the criteria is met or exceeded, 
waiting on weather will be applicable. 


Maximum Wave Peak Period 

How strong is the seafastening, and how is the seafaring behavior of the 
vessel? As already described, seafastening must be laid out to cope with 
the maximum operating transit criteria for Hs; this is important for the transit 
criteria. If this is low, the operational envelope is also low. Therefore, the 
designer—typically the naval architect—will look at the maximum G-force 
the turbine components will allow in any direction. This will be the 
governing parameter for the seafastening. The operational envelope and 
the maximum G-forces on the components are then determined by the ves- 
sel motion and the corresponding maximum seastate in which they occur. 
This will then be the operational envelope and thereby the design parameter 
for seafastening. 
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Needed Visibility 
Even though there are radar and GPS, we still need visibility when sailing. 
However, in this case we probably need visibility for others. This is, of 
course, particularly the case when the components exceed vessel periphery. 
We sail out with rotors mounted on deck, which largely extend beyond the 
side of the vessel, and one can easily imagine the problem if an opposing ship 
passes too close. This is an accident just waiting to happen. Therefore, it is 
important to not only see others from our vessel but that they can see us. 
If the components are wider than the vessel, it is also a safety issue when 
navigating narrow port entrances and so on. We may need to build up large 
units on deck for seafastening in order for the components to pass port en- 
trance lighthouses, antennas, masts, and so on. This will be a planning issue 
right from the moment a method and vessel for installation are chosen. 
The other issue is, of course, the ability to see through fog, rain, snow, 
and so on. For this we need to plan and implement a strategy for when we 
stop working and what the criteria are. As mentioned, we have radar and 
GPS, but in all instances the focus should be on avoiding situations that could 
potentially lead to accidents—if allowed to develop further. 


Transit Velocity 

How long is the vessel underway? This is perhaps less critical when you start 
thinking about it, since we do not travel for several days; if the distance is 
50 NM, it doesn’t matter too much whether you travel at 10 or 12 knots. 
But on the other hand, if you only travel at 6 knots, such as a towed barge 
would do, time for transit becomes an issue. 

The speed in transit determines how long an applicable weather window 
must be. The slower the vessel, the longer the weather window has to be. 
This is fairly logical. As just mentioned, the transit criteria are a bit higher 
than the installation criteria; however, the transit window must be longer 
if the vessel is slower. 


G-Forces Transmitted to Payload 

How strong is the seafastening, and how is the seafaring behavior of the ves- 
sel? We already discussed this, but here the issue is turned around. We talked 
about how much G-force a load can take, but how much force the vessel 
puts on the load is different. If the load can take a 0.5 G-force as a maximum 
for up and down movement—heave and pitch—and the transport vessel is 
very stiff—beamy and full bodied—the acceleration forces will be high due 
to the relatively short distance the hull will travel up and down. 
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Thereby the acceleration force will be extreme, even at low wave 
heights, and this will determine the operational window, which could be 
considerably lower than the installation window. Therefore, we have to 
pay attention to the problem from both angles. But bottom line, this is 
important for the transit criteria. If this is low, the operational envelope is 
also low. 


Jacking Up and Jacking Down 


Jacking up and down is, of course, why we are there. Therefore, the criteria 
should match the environmental data for the best site possible. Following are 
descriptions of specific issues with regard to jacking. 


Significant Wave Height 

At what wave height limit can the installation vessel no longer jack up or 
down? This is one of the first questions the client will ask when approached 
by the vessel owner. The higher the criteria, the more usage of weather win- 
dows the client gets—and ultimately the security of being able to install the 
project in the available time frame. The significant wave height is an increas- 
ingly important issue since the offshore wind farms are being placed further 
and further out in the oceans. Thus, older and first-generation vessels that 
were built or applied will meet their ceiling for operation. 

So whereas they were good for installing projects in near-shore waters, 
where you could mostly expect a decent if not good usability of the vessel 
with an Hs criteria between 1.2 and 1.5 m, the future sites require higher 
environmental criteria. This is simply because the Hs criteria of 1.5 will give 
an operational availability of less than 50 percent of the year. 

This is not enough to secure the safe and timely installation of an 80- to 
160-unit wind farm. If you increase the Hs to 2.0m, you end up with 
70 percent more or less of the year for installation, and this is what is re- 
quired. However, this comes at a high cost, and the jacking ability is what 
hurts, since this is mainly brutal power and long fatigue life exposed to high 
loads and shocks from impact between legs and/or spudcans and the seabed. 


Maximum Wave Peak Period 

The peak period limit is important because in almost all cases, long, crested 
waves (swell) are limiting for the jacking operation. This is the case because 
the energy in the wave train that passes is higher than in the short-crested 
seas at the same height. The amount of water moving is higher, so the over- 
turning moments are higher as well. Furthermore, the period corresponds 
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to the vessel in that the impact, even on the jacked vessel, will exit the legs. 
This means that the legs will be agitated by passing waves, and if the wave 
period gets close to the eigenfrequency of the platform or vessel, it may cause 
damages to the legs or the entire structure. 

Furthermore, for jacking up and down, long, crested waves will be able 
to lift or lower the entire vessel, particularly if the wave length matches or 
exceeds the vessel length. This means that the entire dead weight of the ves- 
sel will be placed on the leg stabbed against the seabed first. When this hap- 
pens, the entire mass of the vessel is loaded on one leg. If it too moves— 
which is inherently what the wave tries to do—the mass and the directional 
movement of the vessel will load an enormous bending moment on the leg, 
which it also has to be able to withstand. 

If the load of the wave is now increasing linearly from 1.5 to 2.0 Hs, the 
calculation is straightforward. But if this is not the case, the bending moment 
is exponential, and therefore the increase in the cross-section of the leg is 
dramatic in order to cope with the increased load and bending moment. 
Therefore, the cost of going from 1.5 m Hs to 2.0 m is drastic, and since 
the turbine will still only produce what the name plate says, the cost of 
installing only increases the project’s capital expenditure without giving 
any significant gain in turnover, possibly only a shorter and safer installation 
period. This is one of the reasons why installation costs have risen dramat- 
ically over the years. 


Wind Velocity 

Until now, the normal limit for operating cranes and, more important, 
fitting components offshore has been around 10 to 12 m/s. However, 
the move further offshore and the cost of installation equipment drive the 
boundaries further upward; this presents a problem. For the crane and 
the vessel, the wind is not too much of a limiting factor. Only positioning 
the vessel before jacking and before leaving the jacking position becomes a 
real issue with regard to wind. 

Very high winds can make positioning of the vessel difficult. But the new 
generation of installation vessels will be fitted with more propulsion power 
so that this problem can be mitigated. For installation of the turbines, how- 
ever, the boundaries of operation are harder to move. The blades in partic- 
ular are only good for one thing: catching the wind. When the winds 
increase, it becomes both a capacity problem in terms of crane operation 
and a safety problem in terms of holding and fitting the blade by the 
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installation crew—1t is just too dangerous. Therefore, the wind is a very im- 
portant factor to observe when choosing a vessel—and a methodology. 


Current Velocity 

The current is important to observe when approaching and leaving the 
position where you decide to jack up the vessel. The maximum allowable 
current is normally 2 knots, and this seems fair in most cases. More power 
in the vessel will be very costly, and certainly the second and third generation 
of vessels will require an awful lot of power if this parameter must be 
increased. 

If the vessel is 140 m x 40 m, length and beam, the environmental load 
from current and wind is gigantic, especially if it is fully laden with turbines. 
The wind surface is significant, and to hold this surface directionally stable 
toward wind, current, and waves, thruster capacity must be very high in- 
deed. Therefore, a current of 2 knots is normally chosen, knowing that many 
sites have higher tidal currents. This introduces a time constraint because 
you may have to wait for the tidal current to slow down before jacking. 


Needed Visibility 

This is a safety issue, but why? When you have positioned yourself to jack, 
the visibility is not important any longer—or is it? Well, if there is a foun- 
dation where you wish to jack the vessel, it is important to be able to see it 
from a good distance while approaching. When landing the gangway, it 
would be nice to see where it goes. So, the first and foremost rule in this 
case is that you need visibility for all operations offshore. 


Lifting (Jacking) Speed 

A general rule of thumb is that the jacking speed should be higher than the 
tidal speed in order to safely jack up or down. There have been examples 
where the jack-up barge moved so slowly vertically that it was overtaken 
by the tide and lifted off the seabed again. 

This is, of course, not desirable at all. Therefore, the jacking speed is one 
of the most critical issues and also determines the operational envelope. If 
the tidal variation in the area of operation is large—say, between 6 and 
8 m—the equipment used must be significantly faster than this to safely carry 
out the jacking operation. Low jacking speed is not desirable because it limits 
the installation vessel’s areas of operation. 
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Maximum Water Depth 

The maximum water depth is the determination of the depth the vessel can 
safely jack up, according to its maximum environmental criteria. Opera- 
tional parameter, the deep-water capacity, is important since this is the trend 
for future wind farms offshore. They will go farther out in rougher waters 
and be much deeper than seen today. 


Type of Seabed 

The type of seabed is very important to observe. The soft and silty seabeds 
will incur a lot of penetration from the leg and spudcan when pressure is 
applied. This means that the leg will sink deep into the seabed when jacking 
up. To control this, it is important to know the bearing capacity and type of 
seabed on which the wind farm will be standing. 

The normal procedure is for the client to carry out seabed investigations 
to determine the soil characteristics, and by means of the seabed investiga- 
tion report, the owner of the vessel will be able to predetermine penetration 
of the leg and spudcan and to develop a method for deploying and retrieving 
the legs. Specifically, the information will also be available with regard 
to retrieving the spudcan and the overburden of material that will hold 
it down. 


Waiting on Weather 


Waiting on weather (WOW) is the event that occurs when the weather 
limits of the vessel or the installation methodology for either the foundation 
or the turbine is exceeded. This normally happens when just one of the 
following events occur: 


1. The wave height parameter is exceeded, so no work can be done— 
normally around 1.5 m Hs 

2. The wave period parameter is exceeded, so no work can be done— 
normally around 12 m/s limit 

3. When positioning the vessel prior to work or jacking up or down, the 
current exceeds 2 knots 


It is critical to be able to see the top of the turbine and the entire deck area 
when working. Furthermore, work will be stopped when it is no longer 
possible to clearly see its top. 

All of these events will trigger a WOW declaration, and when that hap- 
pens, work is stopped after reaching and documenting that the weather 
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limits have been exceeded. A statement of facts should be made to document 
all observations, loggings, and securing of every type of intermediate work 
that is carried out. 

It is also very important to note that no discussions of whether it is ap- 
propriate or correct to stop work are carried out offshore on the vessel. All 
discussions occur onshore by representatives from all involved parties. In this 
way, arguments can be avoided. Stoppage of work, whether correct or not, 
should not be subject to a discussion about whether a delay is caused, or in- 
creased, or who is responsible for paying for the delays. This can cause peo- 
ple to exceed safety limits and jeopardize lives to achieve a milestone that 
could potentially be surpassed and thereby trigger a penalty. This should 
never take place in a forum that is offshore onboard the vessel. 


People Transfer and Accommodations 


The sections that follow describe a number of items of the final major part of 
the spreadsheet in Figure 12.2, in addition to some other issues related to the 
transfer of people. 


Vessel Access to Wind Turbines 

Access to the turbine is one of the biggest safety issues. The safe and easy 
access is paramount in order to achieve a fast, effective, and safe installation 
of the turbine in particular. The HSE requirements in all countries where 
turbines have been installed offshore so far have dictated the use of a fixed 
connection between the installation vessel and the turbine foundation. 

The reason for this is that the offshore installation of wind farms is reg- 
arded as construction work and not a marine operation. This means that all 
onshore construction rules and regulations have to be adhered to. The gang- 
way is expensive and necessary to access the turbine from the vessel. 

The gangway must be able to stretch the inaccuracies of the positioning 
of the vessel onsite, which is done in harsh weather conditions and often at 
relatively low visibility and, of course, also at night. This means that the 
gangway should be extendable; it must be able to turn and pivot up and 
down in order to fit onto the foundation. 

In case there is a large difference in height between the vessel where the 
gangway is fixed and the access point on the turbine foundation, an inter- 
mediate position of the access point, or a second and higher position on the 
gangway deck can be made. However, before the charter is agreed to, this is 
one of the more expensive points to clarify. 
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Furthermore, the gangway resembles the connection point of all electri- 
cal cables, hydraulics, and air hoses that are used during the installation of the 
turbines. If these are required, cable and hose trays must be available on the 
gangway without having to lay them out on the deck. 


Installation Speed 

In general, the time it takes to transport and install one turbine is referred to 
as the installation speed or the turnaround time. However, turnaround time 
consists of the preceding parameters, combined to form a program, or a pro- 
gram sequence, to give a detailed time schedule. 

It should be noted that turnaround time can and will vary depending on 
the wind farm involved, even when using the same vessel. The reasons are a 
combination of distance, weather, and metocean conditions; turbine size 
and make; and so on. Actually, a combination of all of the preceding param- 
eters applied to the vessel for the individual project comes into play. 


Installation Envelope per Year 

What is the operational envelope for the vessel? This in effect means which 
period of the year we can expect to use the vessel for installation and which 
period will have to be considered as downtime. In general we should go for 
as many days as possible, and again it depends on project location, size, and 
metocean data. 

The same vessel will be good in one area—say, the Baltic Sea—for year- 
round installation, and it may be very cost effective. But if the same vessel 
goes to the Irish Sea to install, it may very well have a 40 to 50 percent annual 
downtime. Therefore, the old saying “horses for courses” is important. The 
right piece of equipment in the right place for the right job is necessary. 

This is a major part of the technical due diligence that the project’s wind 
farm owner, installation contractor, and financing institution must undertake 
in order to assess the viability of the method used for installation. 


Summary 


The time required to install one turbine, including loading and transporting 
to the site, is what is used for calculating duration of the project. This means 
that the net installation time for one turbine—or foundation for that mat- 
ter—is calculated and put into the overall time schedule and sequenced 
so that the number of turbines—or foundations—loaded on the vessel is 
matched to the installation methodology. 
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We have discussed weather downtime for all kinds of operations off- 
shore, and the right time schedule will have weather downtime allocated 
at every appropriate stage. This is important because many time scheduling 
exercises sumply add 30 or 40 percent for weather at the end of the form for 
the final time period to use. This is wrong, however, since allocating down- 
time in June is not the same as in December. 

Furthermore, the drifting of the installation of, say, six units offshore 
could potentially mean that the completion slips into the following month, 
which will have a different downtime percentage. When allocating down- 
time where appropriate, you get a more correct schedule and end date than if 
it is tacked on at the end. 

Finally, the normal speed for installing a wind turbine cold is 24 hours, 
and this is the time you should aim for achieving. This does become more 
and more difficult as the turbines become larger, but this is still the valid time 
frame to aim for per turbine. 
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PASAY AS 


Monopiles loaded on a transport barge for travel to the site. 


SS 


Test jacking offshore prior to start of installation work. 
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Leaving position after installing the monopile and transition piece. 


— 


Loading components and consumables in port prior to departure to offshore site. 
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Every inch of the installation vessel is used. Sometimes cargo hangs over in order to 
facilitate the best loading of it. This is not unusual and demonstrates the skill and in- 
genuity of the designers and planners to create an installation program that works for 
a project. 


Steaming out to the site with only half of the turbines does happen but should be 
avoided. 


CHAPTER THIRTEEN 


Basic Information about Ports 


The installation of an offshore wind farm depends, of course, on the proper 
setup in the port area. The port and logistics center must be developed in a 
way so that the various disciplines’ tasks can be carried out quickly, safely, 
effectively and at the lowest cost that can be obtained when vetting all as- 
pects against one another. 

Since turbines, foundations, cables, and other main components cannot 
be manufactured “just in time,” the port area must be extremely large. Nor- 
mally the storage area requirement has been set at around 60,000 to 70,000 
square meters in order to store and prepare all of the components for an 80- 
turbine wind farm. 

This has worked out well for the first several projects installed since 2000. 
The projects—especially for the British Round 3—are substantially larger, 
and the German projects in general have larger turbines and certainly larger 
foundations. This adds more requirements to the dimensions of the pier area, 
and since the weight of the components are steadily increasing, the quality of 
the port and pier area, as well as the handling equipment, is growing. This 
obviously limits the number of ports that can be used for the purpose of 
installing an offshore wind farm. 


CHARACTERISTICS OF THE IDEAL PORT 


The port must be able to receive all of the components in a fast and effective 
manner so no more handling than necessary needs to be carried out. There- 
fore, the area available in the port must be paved and fenced in order to re- 
ceive, store, and prepare the components for final unloading. 


Project Ports and How They Perform 


The project port is ideally located close to the production location of the 
turbine components. This has not been the case in the past. The reason is 
that turbine components historically have been transported by truck 
(i.e., the way onshore turbines must be able to transit from the production 
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site to the installation site); therefore, the actual place of production has been 
the place where the turbines were manufactured anyway. 

The offshore wind turbines are, however, much larger both in capacity 
and physical size. This effectively requires them to be manufactured on a pier 
area in a deep-water port. The 5-MW turbines and upwards are not trans- 
portable as one component on roads, and thus the turbine manufacturers are 
looking to position their production facilities close to a port area. 

Therefore, the ideal port will have deep water with a large hinterland that 
can support the manufacture and storage of many turbine components. The 
components must, however, be ready for unloading so no onshore assembly 
is required after they have been manufactured and delivered from the fac- 
tory. They should be stored at a point where they are easily rolled out to 
the pier and loaded onboard the installation vessel—or the transport vessel 
if the project 1s overseas. 


Transport to and from the Port 


As we just said, no transport on road or rail should take place when the com- 
ponents have been manufactured. The components, whether foundations or 
turbines, should only be rolled forward to the pier to be unloaded. This can 
be done by MAFI trailers (i.e., special port-handling ones for heavy goods 
that can be hauled by a so-called MAFI truck where the control cabin can 
turn 180 degrees so the driver has full control in all directions); SPMT trailers; 
or axle lines, which are also used for street hauling. But, again, the only trans- 
port is from the storage area to the pier front in order to be unloaded. 


A PORT'S IMPACT ON THE PROJECT 


The impact of a good or bad port on a project is significant. If the port 
layout and access lanes are ideal, the turnaround time for an installation cycle 
will be short. The opposite, however, will put constraints on all parts of the 
project. Here is an example: A small port with poor access (both on- and 
offshore) will mean that the supply of components will be slow and compli- 
cated. If the components have to leave port before others can enter in order 
to be prepared for final unloading, the logistical operation will be more 
complicated. 

Imagine that the installation vessel will have to stay in port due to bad 
weather, but the supply of components is uninterrupted. This means the pier 
that must be used for loading and offloading is occupied by components that 
are stacking up. The hinterland transport of components for storage will 
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collapse because the stored components are not unloaded due to the instal- 
lation vessel not performing. A number of scenarios can be elaborated that 
are all valid problems for the PM during the project’s execution. 


Size and Layout of the Ideal Hub 


So taking the preceding information into consideration, the ideal port will 
have easy access. This means that the entrance and navigational channels into 
the port must be wide, straight—considering the option of transporting fully 
assembled rotors—and not too crowded. In this way the components can 
enter and leave the port in all of the ways that are relevant for how the 
project can be executed. 

Furthermore, the port area must be fitted with deep-water pier areas to 
accommodate the transport vessels—which are normally deep-draft vessels 
of up to 9 m when fully laden. The installation vessels are normally shallower 
draft, and therefore they are able to negotiate anything of 6 m and deeper. 

The installation vessels, however, should have the benefit of a hard sea- 
bed surface in order to safely jack up at the pier. If this can be done, the load- 
ing can be carried out faster and safer as a result of the perfect stability of the 
vessel during the jacked-up mode. The pier area must be a hard surface for 
two reasons: 


¢ The carrying capacity of the surface must be high enough to accommo- 
date the loads of SPMT trailers, which can deliver an axle load of up to 34 
tons. Therefore, regular asphalt surfacing is not enough. It must be much 
stronger so as not to crush under the weight of the components being 
moved around. 

* A surface of either concrete or asphalt will prevent dust and nicks from 
pebbles from damaging the surface of the finished turbine components. 
This is important because all of the components of the turbine, in 
particular, are painted or fiberglass coated. The MWS and installation 
contractor will be very cautious about this type of damage because this 
could also pass as a scratch when loading or installing the component. 


Finally, the port should have a good storage area in direct connection 
with the pier front area in order not to transport the components too far 
or for too long during storage, preassembly, or loading. As discussed earlier, 
the JIT principle does not work for this type of infrastructure project. 
The ideal area should be around 65,000 to 75,000 m7 to store enough 
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components before the project starts. So 50 to 70 percent of all of them 
should be delivered to the storage area in the staging port prior to project 
startup. 


Combination of Vessel and Port 


The preceding requirements are, of course, difficult to find, and when con- 
fronted with the ports available in Europe for installation projects, the con- 
clusion so far has been that there is no ideal port. If it is close, it is small or 
badly laid out. If it is well laid out, it is so far away that it doesn’t make eco- 
nomical sense to use it. 

But in Germany, in particular, the infrastructure is being heavily built 
out, so in the future, German projects will benefit from new piers and 
infrastructure facilities. The Round 3 projects in Britain have also inspired 
turbine manufacturers to look for ports, and to establish new manufacturing 
facilities in close proximity to ports in order to be able to deliver the very 
large turbines that are expected for the far offshore projects in the British 
Round 3. 

So once you have the ideal port, what does this mean as far as the instal- 
lation vessels that are available or will become available in the next few years? 
The going rate these days is around six turbines loaded on the installation 
vessel, and this is feasible in at least Esbjerg, where Siemens and Vestas have 
been unloading projects for a number of years now. But in the British ports, 
this is still somewhat cumbersome, since the ports are not ideally suited to 
this type of business. 

In the near future, however, installation vessels will be unloading 8 to 12 
turbines per trip, and this will put a much higher strain on the staging port. 
The number of turbines already on the pier will have to increase by 30 to 50 
percent or more to keep up with the installation vessel, and only a few ports 
have been considering this. So in order not to get a poor match between 
vessel and port, the ports in Europe will have to decide whether or not they 
want to be involved in this business. 

If they want to be in the offshore wind industry, they will have to invest 
large sums in infrastructure to keep up with the development of the instal- 
lation vessels for Round 3 and the German projects. So far, only the ports in 
Germany are showing some readiness to invest in this industry as a focused 
business segment. 
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OPERATION AND MAINTENANCE 


The following are the areas of offshore operation and maintenance (O&M): 


* Maintenance that is planned and carried out according to schedule. 

* Maintenance that is unplanned—in other words, sending “the man with 
the van” to the turbine to restart it. 

* Repair, which is when a main component breaks and needs to be 
replaced. 


The maintenance is done by the service department. For more details about 
this, see Chapter 17. 

Maintenance is—as stated—the planned annual checkup on the turbine 
to make sure it runs as contractually agreed. This is, of course, included in 
the warranty that the turbine supplier will offer as part of the availability of 
the turbines. The unplanned maintenance is when the turbine stops and a 
technician must go out to check and restart the turbine. In both cases, a ser- 
vice vessel is required to bring the person out to the turbine. This will be a 
small, high-speed vessel that can bring a limited number of people out to the 
wind farm to carry out routine work. 

Repairing the main components requires a vessel that can dismantle the 
old part and replace it with a new one. If a main component, this would 
ideally be the installation vessel, but for repair work, the setup is slightly dif- 
ferent in that only a part of the turbine would have to be replaced. This has 
led some people to think that the repair vessel should be much smaller with a 
smaller crane. 

As we saw before, the crane is the smallest cost issue on the split between 
the jack-up and the crane. However, size is a determining factor when 
jacking up offshore. So if you want a high level of repair capacity, you need 
a large vessel with a strong jacking envelope. Plus, the crane is not the cost 
driver here—it is the jacking system. 
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Towing jack-up barges in and out of port puts some severe requirements onto the stag- 
ing port. First, the sway basin must be big enough to maneuver the barge, then in- and 
outgoing traffic should be ready to accept delays due to its movement at odd times. 
Finally, the length and beam of the tow is substantial, so self-propelled vessels are pre- 
ferred because the time and effort to dock and undock them is much less. 
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Some problems related to jack-up vessels can be seen here. They need to jack substan- 
tially out of the water to properly operate the main crane. This makes the loading pro- 
cess a bit more complicated and crane positioning becomes an issue. Very large 
installation cranes move slowly and their luffing and turning in and out slows the op- 
eration down considerably. Thus, the latest vessels designed for use in wind farm instal- 
lations, starting with the 2007 GAOH Offshore, fitted the main crane around one leg. 
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Monopiles loaded on a transport barge. The seafastening is considerable and, for the 
port to be able to handle this, extremely large cranes have to be present on the pier 
or brought in. This also limits the number of ports suitable for this kind of work. 


Such cranes are present at the Harland and Wollf Yard in Belfast. The very large gantry 
cranes are perfect for loading this type of component. 
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Nacelles stored on the pier ready for preassembly. Note the massive use of space for one 
unit. When the blades are fitted, there is no possibility of using the space around the 
nacelle for other purposes until loadout has taken place. Therefore, space available 
along the pier is ranked highly in the vetting process for staging ports. 


Siemens 3.6-MW turbines loaded on a transport barge before shipment out to a project. 
Note the two mobile cranes behind the barge; they require a massive bearing capacity 
on the pier and take up significant space. This is necessary because it would not be pos- 
sible to load the barge to this extent using ordinary harbor cranes. They neither have the 
reach, height, nor the lifting capacity to carry out this type of operation. 


CHAPTER FOURTEEN 


Project Criteria 


Several factors must be taken into consideration when planning an operation 
and maintenance (O&M) system. Some of these are wind, waves, and cur- 
rents. The project must be examined to determine any possible bottlenecks, 
constraints on transfers, and bad weather that might impact accessibility to 
the turbines. The impact of possible downtime if the crew is unable to access 
the turbines should be considered. 

It is very important that the operation and maintenance transport and 
transfer system that will be used accommodate the availability of the 
wind farm. This in effect means that the chosen solution must permit the 
crew and equipment to be transferred to its foundation during 95 percent 
of the turbine’s availability. This percentage or more is the production 
period that the client has been using for his investment budget, so it is 
crucial that this is accomplished to avoid any penalty to the turbine 
manufacturer. 

A high level of availability is necessary if the wind farm is to be econom- 
ically viable, but the corresponding worst possible weather regime that the 
O&M solution must work in is calculated for most wind farms to be around 
2 m significant wave height (Hs). This in effect means that waves up to and 
above 3.5 m from trough to top will be encountered, and based on the wave 
period (the time it takes the full length of one wave to pass a fixed point), the 
waves can be extremely long—possibly up to 150 m. 

For ships and other vessels to be able work in such a harsh environment, size 
becomes extremely important, and corresponding to size is, of course, the cost of 
the vessel. This can pose a problem since it is important that the overall O&M 
cost of the wind farm be kept as low as possible. Subsequently, the transport and 
transfer system becomes the single largest cost in the entire O&M plan. 


OFFSHORE ACCESS SYSTEMS 


The first factor that must be determined is what you want to access; getting 
access to the vessel and to the turbine are two different issues. Why is this true? 
The reason is that if you use a crew boat—assuming you are not using 
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the installation vessel for O&M—you can access either the turbine with the 
crew or access the repair vessel from the crew vessel, again to deploy the crew. 

When the preceding situation is the case, the system requirements differ 
depending on whether it is the vessel or the turbine. One involves vertical ac- 
cess (in case of accessing the turbine and the repair vessel from the crew boat), 
and the other involves horizontal access (if accessing the turbine foundation 
from the repair or installation vessel, which are both normally jacked up). Fur- 
ther, the jacked-up installation vessel gives steady access from the vessel to the 
turbine, whereas in the case of the crew boat, it depends on whether the vessel 
or the turbine is afloat. In the latter case, the requirement is higher. 

For our purposes, we will only look at the parameters for accessing the 
turbine from a crew vessel. The crew boat will approach the access ladder on 
the foundation, and by means of it, a Browing system, or other device, the 
crew members are deployed onto the foundation and can then use the ladder 
to climb onto the platform. 

Certain regulations govern the ladders used, and these come from the 
HSE regulations in the specific country of deployment. The access tower 
or ladder must have resting platforms above 6 m in height and for every 
6 m thereafter. This is important because crew members must be able to rest 
before climbing to possibly 25 m above sea level. Doing this in one go ina 
survival suit is difficult and certainly a very uncomfortable experience. 

Normally, Hs is between 0 and 2. The criteria are set by HSE authorities 
and should be adhered to so as not to inflict injury on the crew or the vessel. 
The maximum required access criteria is 2.0 m. However, this is difficult to 
achieve, mainly due to the movements of the crew boat. The 2.0 m Hs 
criteria is desired by wind farm owners, since it will make it possible for 
them—in most cases anyway—to keep the turbine’s availability at around 
95 to 97 percent of the possible production time. This is also required in 
order to make the wind farm cost effective. 

Generally speaking, the access system must be safe, easy to operate, and able 
to fit on the crew vessel on which it is deployed. Thus, no system should be 
deployed that is not failsafe and too hard to operate in these conditions. Even 
though it is commonly said that weight and size do not matter offshore, itshould 
be noted that the offshore vessels for crew transfer are usually under 24 m. 

So using the large, complicated offshore systems for access, which alone 
weigh enough to sink the vessel, is probably not the right way to go. Why do 
we say that? It’s very simply because the numbers just don’t add up! If the 
crew vessel needs to be 50 m to carry the access system, the cost is going to 
be north of 10,000 euro per day. This will impact the financial viability of 
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the turbine because this vessel has to operate year round for 20 years in the 
wind farm. The cost is just too high. 

Furthermore, the vessel can possibly carry 30 or 40 technicians, but it 
would take too long to deploy them in sets of 2 or 3 people onto the tur- 
bines. This is actually counterproductive to what we want to achieve— 
namely, a high availability percentage for the wind farm. 


WAVES 


Transport to and from offshore turbines requires a transport vessel of some 
kind. If the weather was calm at all times, the requirement for the vessel 
would only be the capacity to transport 12 to 16 crew members per trip. 
However, the wind and the tidal streams offshore create both waves and 
swell, and this must be taken into consideration when deciding on a suitable 
means of transport because the vessel will almost always be subjected to 
waves and currents during transport and, most important, during the transfer 
of personnel. Waves, in this respect, will induce significant forces on the ves- 
sel; particularly during station-keeping in front of the turbine foundation, 
this becomes apparent. 

The following briefly presents some of the practical problems that have 
been encountered when transferring personnel to and from offshore wind 
turbines. As mentioned previously, waves are just one more problem when 
comparing offshore and onshore wind farms. The waves are, of course, a 
recurring problem related to bringing the turbines offshore, and the waves 
encountered in the area in question are extremely large—up to 10 m high. 
Therefore, both the foundation and the access design must take into account 
that extreme forces will have to be dealt with. 

First of all, the definitions of waves and swells should be clarified. Waves 
are short, crested seas with a wave period of less than 4.5 seconds. Waves 
with a period above 4.5 seconds are called swells because the seas tend to have 
a longer and more unidirectional passage by the foundation. 

The short, crested waves often will pass in many different directions rel- 
ative to wind and wind shear. Therefore, they are more unpredictable, and 
for a short vessel, this can be a serious problem. Even though the short waves 
will not have the same energy potential as the longer swells, they will create 
unpredictable movements in the vessel, making transfer difficult. 

This problem can to some extent be dealt with by using a larger vessel. 
However, this will significantly increase both CAPEX and OPEX costs, 
since the larger vessel is more expensive to purchase, as well as to operate. 
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The larger swells will, however, have a significant impact on vessel 
movement relative to the foundation. As a wave train passes, the energy 
it releases will be enough to move the entire vessel a large distance. 
Therefore, the transfer method, whether a ramp, gangway, or something 
else, must be capable of a large stroke length, as well as a very fast adjust- 
ment system, in order to maintain the desired position relative to the 
foundation. 

The vessel will have six directions of free movement when in the 
exposed water: 


« Heave 
¢ Pitch 
* Roll 

* Sway 
* Surge 
« Yaw 


It is therefore crucial that the method of transfer be able to counteract these 
movements. It is particularly important that a vertical stroke length in com- 
bination with the horizontal movement of the vessel in two directions can be 
absorbed by the system. 

A vessel moving in 2 m Hs waves will be able to move a large distance 
within one or two seconds; the system must be able to cope with this move- 
ment. Therefore, it is also important to look at the transfer systems available 
in connection with the vessels available in the market today. 

Offshore on the site, the wind farm owner has usually placed a met mast, 
and some measurements have been made from the mast and the data have 
been evaluated. However, the met mast should also include a wave buoy, 
which would give the characteristic wave data for the site. The buoy will 
record waves over the entire lifetime of the wind farm. 

The wave data should provide the average of the times when the waves 
are not higher than 2 m Hs. Normally, the annual service check of the entire 
wind farm is conducted during the summer. The wave climate should there- 
fore be favorable for this purpose. 


WIND 


When working offshore, it very quickly becomes apparent that wind is an 
extremely important factor and one that will also determine whether or not 
it is possible to transport and/or transfer personnel to the wind turbines. 
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Obviously, the turbines are positioned in areas where wind is constant 
and has a reasonably high mean speed. Therefore, working with repair or 
retrofit outside the turbine is defined largely by wind speed, as long as the 
vessel carrying out the repair is stable on the seabed. 

But the wind will also generate waves. The time delay between an in- 
crease in wind speed and an increase in wave height is approximately 1 hour 
under normal circumstances. This in effect means that the systems used to 
carry out the installation—repair and O&M work—umust be able to handle 
the wind and wave forces and be flexible at the same time. 

When one or more turbines are manned and there is a deterioration in 
the weather conditions, the crews must be able to safely reenter the transport 
vessels. As the wind picks up speed, the crew onboard the vessel must be able 
to forecast the time left for recovery and the wave height to be expected in 
order to plan and execute the safe movement of the crew and equipment. 

Wind will thus be a determining factor, not only because it will influence 
the workability of repair vessels, in particular, but also because the wind- 
generated waves are the most frequent on the open ocean. Swell is almost 
always caused by storms that pass in the open waters of the world. Thus, the 
swells generated in the North Sea often are caused by storms in the Atlantic 
and so forth. 


CURRENTS 


Currents also have a large influence on the transport and particularly the 
transfer method because the vessel must be on a fixed location while trans- 
ferring the crew. This means that the vessel must be able to counteract the 
currents while working around the turbine. These currents can become ex- 
tremely high, and ones up to 5 knots during tidal variation are not unusual. 

It must be possible to fit the vessel with a thruster capacity that is high 
enough to stay in position even in the strongest current on the site. This 
is an important point when deciding what type of vessel will be used, 
since both the catamaran and the SWATH types struggle with the ability 
to fit bow thruster capacity. However, they can, to a large extent, work 
by counterrunning the propellers in the torpedoes, which will then make 
the ship rotate around a center axis. 

The best possible station-keeping will be achieved, however, by 
employing both bow, stern, and main thrusters in a system referred to as dy- 
namic positioning. This system, however, requires an enormous installed 
kW capacity, which is not economically possible for this type of operation. 


234 Offshore Wind 


The currents measured in the North Sea range from 0.5 m/s up to about 
2.5 m/s, and this will have an impact on the way the turbines are approached 
and what vessels are or will be used. Furthermore, it very much depends on 
the area in the North Sea (or elsewhere) where the wind farm is located. 

Therefore, less emphasis is put on the station-keeping capabilities of the 
vessel as a result of currents influencing the vessel in the eastern part of the 
North Sea, where currents are low but swell is higher, compared to the west 
side along the coast of the United Kingdom, where the currents are high but 
the swells are predominantly smaller. 

However, one must always consider whether the approach to the foun- 
dation is safe since the combination of wind, waves, and currents can make 
for unfavorable conditions, thereby creating a higher risk when trying to 
approach the foundations. 
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Removing the lifting equipment from the installed nacelle. You would have to look 
very hard for a job with a better view. 
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Every inch of space on the installation vessel is used. 


The final result. A wind farm ready for operation. 


CHAPTER FIFTEEN 


Transporting Wind Turbines 


This chapter provides an analysis of the different methods of transporting and 
transferring personnel and wind turbines to offshore locations and highlights 
the most successful operations. Based on previous experience, we have listed sev- 
eral criteria that should be taken into consideration before deciding on the op- 
timum solution for the operation and maintenance (O&M) strategy for a project. 
Since the first commercial turbines were installed offshore in 2001 on Mid- 
delgrunden, a number of variations on the method used at that time have been 
put into operation. The overall approach has been to sail either a small RIB, 
which is an inflatable boat that can carry up to four people, ora small vessel that 
can hold up to 12 people to the landing arrangement of the turbine foundation. 
The personnel then climb up the ladder onto the platform. This method has 
generally been successful, and so far no problems or accidents have been 
reported. Some problems have occurred, however, on several other fronts: 


* The landing arrangements on Horns Rev were not strong enough to 
support the force of the larger 12-passenger (pax) vessels and had to 
be replaced in 2004. 

* The method is not approved by the Danish authorities to more than 
1.1 m Hs and therefore does not solve the related availability issue. 

* The distance to shore that the small vessels can travel cost effectively is rather 
short. And, since the transport time counts as working hours, the number of 
actual “in turbine” hours will be reduced by a factor of two for each hour of 
transport (one hour each way means two hours less work in the turbine). 

* The solutions found that are capable of staying offshore with larger num- 
bers of pax are very expensive due to the Special Purpose Ship (SPS) code 
applied to vessels with a pax capacity of more than 12. This means that 
the overall O&M cost will in fact exceed the budget. 


Therefore, the three main problems related to the O&M strategy are: 


1. More flexibility in terms of boarding the foundations in adverse weather 
is required. 

2. More suitable offshore vessels at lower costs are needed. 

3. The O&M crew must be placed as close as possible to the wind farm. 
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For an offshore wind farm, many factors must be taken into consideration to de- 
termine the optimum place for an O&M base. The following are some of them: 


¢ The O&M base should be close to the wind farm in order to cut transit 
times from the shore to the location as much as possible. In this way, the 
crew can be moved on short notice, taking advantage of shorter weather 
windows. 

¢ The shore base should have several good harbor facilities to support the 
O&M vessels. 

¢ It may be useful to look at the possibilities for EU regional support and 
funding of jobs in an underdeveloped zone or area. 


If the shore base is far away from the offshore site, the distance would make 
prediction of weather windows very inaccurate, and that could result in a 
substantial amount of excess downtime. 

If we look at some of the German offshore wind farms, it may be sensible 
to use Helgoland as a base for the overall O&M solution, since the benefits 


are substantial. Plus, it would be a clear bonus for the island to attract jobs in 
sectors other than tourism (Figure 15.1). 


Most of the 
German offshore 
wind farms in the 
North Sea are in 

this area. 


Brunsbiittel-WP 
123 km 


Figure 15.1 Distances to harbors suitable as O&M bases. Courtesy of Winkra. 
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TYPES OF TRANSPORT VESSELS 


Many different types of transport vessels are available for use in the offshore 
wind industry today. The one common denominator is that they all promise 
to be the best and the most stable platform from which to work. However, 
the methods employed to become the best and the most stable platform are 
very different and to a large extent show the degree of ingenuity that is ap- 
plied by naval architects, engineers, and contractors. 

The problem of overcoming the physical challenge for the vessel to stay 
stable in this environment is further complicated by the fact that the statistical 
methods for determining vessel behavior, such as the strip method, are not 
valid for vessels that are smaller than 40 or 50 m in length. Therefore all 
design must be based on previous experience, guessing, or scale model 
testing. 

The testing scenario is, however, very costly and does not appeal to 
the predominantly small companies that offer this type of service vessel to 
the market. And certainly investing some 50,000 euros in a scale-model test 
seems unappealing in a situation where no apparent contract is in sight. 
Therefore, the following information on types of vessels and their charac- 
teristics is based solely on previous experience and not actually on 
scientific research. However, the vessels do work, and that is why they 
are mentioned here. 

This, in effect, means that before entering into any form of relationship 
with a supplier of service vessels, the wind farm owner should outline a 
number of requirements for the vessel in question and create a test series 
for all bidders who can supply this type of vessel and have done so in the 
past. The only valid alternative for new suppliers will unfortunately be to 
build on speculation or to perform a scale-model test. 

In general, vessels come in four types, as described in the next sections. 


Monohull Vessels 


These are the typical kind of oceangoing vessels. Their advantage is that they 
are stable and can handle severe weather conditions. Even a relatively small 
vessel will have very good seafaring characteristics from all directions, and 
although they are not as comfortable in head seas as the catamaran or 
SWATH, they are superior to them in beam seas. Furthermore, they can 
take on big cargo because they are often fitted with a large hold with 
waterproof hatches. 
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Several suppliers in Europe build this type of vessel, and many specialize 
in vessels that can handle high wave forces. To name them all would be too 
extensive. Furthermore a number of used vessels are available. 


Catamarans 


Characterized by the two parallel hulls, catamarans have a deck suspended 
between them. The deck contains the bridge and accommodation module. 
They are characterized by good seafaring capabilities until the weather 
becomes extremely severe. They travel at high speeds and have a small water 
plane area, which can be a huge advantage when traveling. They are more 
“steady” in the head waves than the monohull, which gives a comfortable 
heave and pitch with very short periods. However, this means that 
acceleration will be greater when the waves increase in size. 

Their disadvantage is that they become uncomfortable in beam seas 
when the weather deteriorates. Furthermore, catamarans cannot carry any 
significant payload unless the vessel is rather large. They are often made from 
GRP or aluminum to keep their weight down, which makes them vulner- 
able to the rugged type of work they should perform, particularly when 
docking onto the turbine foundation. Furthermore, they are rather expen- 
sive both to buy and to operate. 

There are a number of suppliers of this type of vessel, and to name two: 
Baltec in Germany and Alnmaritec in the United Kingdom. Several more 
can be found by searching the Internet. 


SWATH Vessels 


The Small Waterplane Area Twin Hull (SWATH) vessel is a derivative of 
the catamaran. The main difference between the two is that the SWATH 
has two torpedo-type buoyancy hulls that are placed approximately 2 to 
2.5 m below the surface. This makes the vessel more stable because the 
waves will not have a large surface in the splash zone to assault. Thus, the 
majority of the wave forces do not have an influence on the vessel, which 
makes it more comfortable to work from. 

This type of vessel also has the ability to remain steady in the water when 
waves and swells pass in the vessels’ longitudinal direction. However, this 
type of vessel suffers even more from low cargo capacity than the catamaran 
and is even more expensive to build. It also becomes difficult to install bow 
thrusters because of the poor possibilities of redistributing weight in the tor- 
pedo hulls. 

The two main suppliers are Abeking & Rasmussen of Germany and 
Lockheed Martin Littoral Combat Ship Department in the United States. 
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Liftboats 


Originally, liftboats were developed in the United States, where they serve as 
workhorses in the near shore oil and gas industry. They are three-legged jack- 
up vessels that are self-propelled, and operated by a crew of 3 to 5 people. 
They have a capacity of up to 32 people on board, but that can be somewhat 
uncomfortable because it means 8 people are in each cabin. 

The vessels are designed to work in depths of up to 200 feet, or some 
65 m of water depth. It is not certain how the European naval authorities 
consider them in terms of SPS codes and other safety regulations for seagoing 
vessels. They are, however, a very good and rugged type of vessel that can 
take care of the problem of deploying people to a turbine in bad weather. All 
that is required is that the front of the turbine be jacked up. 

Once jacked, however, it may be necessary to abandon the platform if 
the jacking criteria are exceeded for any reason. Furthermore it is limited 
to deploying people on the turbine that is in front of the jacked area. If peo- 
ple are deployed to other turbines and the weather deteriorates, they cannot 
be rescued by the jack-up. 

Following are some examples of all four types of vessels. 


Monohull Cargo Vessel 

This small cargo vessel is equipped with a boom for loading (Figure 15.2). It 
has a foldable hatch suitable for carrying spares and so forth. The boom 
can be exchanged with a large knuckleboom crane for offshore work 
(Figure 15.3). Crew accommodations in this type of vessel are fairly basic 
(Figure 15.4). 


Figure 15.2 Monohull cargo vessel. 
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Figure 15.3 Monohull cargo vessels have booms for loading and hatches 
that fold. 


Figure 15.4 Crew accommodations. 


Note the beam of the vessel, which is much wider compared to the length. 
This gives stability when operating offshore. The high fo’ castle gives security 
and distance to waves and seawater spray. The photo of the beam shows an- 
other monohull in the background that also has high-speed performance but 
not the same rugged seafaring characteristics as the cargo vessel (Figure 15.5). 
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Figure 15.5 Beam on monohull cargo vessel. 


Catamaran 

Note the wide beam as a result of the two hulls on the catamaran 
(Figure 15.6). This helps to keep the catamaran steady in head seas, but in 
beam seas the roll will be very severe due to the light weight and the low draft. 


Offshore Service 


Figure 15.6 Two images of a catamaran. Courtesy of Fintry 1. 
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Figure 15.7 Photograph of a common catamaran used in the United Kingdom. 


Another type of catamaran is aluminum; it is very popular in the United 
Kingdom (Figure 15.7). They are good for this type of transport, and in 
some cases, the work space is better than with the other type of catamaran. 
It depends on the site-specific criterion. 


SWATH Vessel 

The Small Waterplane Area Twin Hull type of vessel is designed specifically 
for calm conditions on the high seas in order to keep the vessel steady and 
cost effective in terms of sailing and fuel consumption (Figure 15.8). The 
draft on the vessel tends to be higher because of the deep placement of 
the torpedo hull, so a 2.5- to 3.5-m draft is not unusual. 


Figure 15.8 A SWATH vessel has a very slim protrusion of the water line. 
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Liftboat 

Liftboats have a very basic design, but they have the necessary features such 
as a large crane, a roomy cargo capacity, and comfortable accommodations. 
They are essential for may types of activities carried out on the ocean 
(Figure 15.9). 


Figure 15.9 Wind farm platforms need liftboats available at all times. 


Table 15.1 provides a summary of each type of vessel’s features. 


TRANSFER SYSTEMS 


The vessel itself is, of course, a major part of transporting O&M crews to and 
from the offshore turbines. However, the transfer system in combination 
with the vessel will determine the workability of the entire system. It is 
therefore crucial not only to look at the best vessel for the specific site, 
but it is also of paramount importance to combine the vessel with a suitable 
means of transfer. 

An assessment of the different transfer solutions must be made to deter- 
mine which system is the most suitable. This is done by creating a matrix in 
which the different systems are compared to one another. This makes it easy 
to determine which system is most appropriate for deployment for the 
wind farm. 


Available Systems 


One would think that the many years of offshore mineral exploitation had 
generated a great number and variety of different solutions for access to 
structures and that these methods of access would be applicable to the 
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Table 15.1 Vessel Types 


Monohull Pilot Type Catamaran for SWATH for Crew 
for Crew and Cargo Monohull Crew and Cargo and Cargo Liftboat Data from 
Type Transfer Cargo Type Transfer Transfer 245- Class Liftboat 
Manufacturer Several Several Several A&R, FBM Several in the United 
States 
Speed 15+ knots 15 knots 20+ knots 15+ knots 8 knots maximum 
maximum 
Max Distance 20 NM Various but can Various Various Various depending 
to Shore be unrestricted depending on depending on on class 
class class 
Max Hsinm 1.1m 1.1-1.5 m Expected 3m 1.1-1.5 m for jacking 
Operational depending on 1.0-1.25 m 
size 
Number of 2-3 for 14 hrs 4-9 for 2-9 depending 3-6 depending 4-6 depending 
Crew unrestricted on class on class on class 
service 
Max Number _ 12 12 12 12 12 


of Passengers 
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Size 10-20 m 30-70 m for 10-70 m Min 20m, max From approx. 33-100 m 
this industry depending on use approx. 100 m depending on water depth 
and material and class 
Max Number = Approx. 500 kg Up to 200 tons 1-20 tons 1-20 tons Up to 334 tons for 245 
of Cargo depending on depending on depending on class 
size size size 
Cost 1-3 million euro 1-5 million A200 (pictured) FBM 4.5 42 x 29 m liftboat 


estimated euro estimated 2 million euro million euro US$18 million 
Seafaring 1-5 3 1 2 2 3 
Rating 1-5 2 1 2 2 3 
OPEX/24 Approx. 1750 Approx. 1210 Approx. 2700 Approx. 4000 Approx. 5000 euro 
Hours euro euro (DIS) euro euro 
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offshore wind industry as well. Unfortunately, this is not the case. Since the 
offshore oil and gas industry rely on dynamically positioned, large, rugged 
vessels designed for deep-sea operation, and subsequently form very stable 
platforms where even large helicopters can land, both the size and cost of 
these vessels would exceed the O&M budgets of the offshore wind 
industry. 

First of all, the price, which normally runs up to 100,000 euros or more 
per day, makes this type of equipment unattractive. The sums involved are 
negligible for the oil and gas industry, but they are significant for the wind 
industry. It is simply not affordable. 

Even though the stability is desirable, the size of the equipment is not 
practical for the access to wind turbines offshore for two reasons. First, 
the turbine would suffer damage if it came into contact with the vessel. Sec- 
ond, the water depths in which the shallowest turbines in offshore wind 
farms are positioned make it impossible to approach them because of the 
more than 6 m draft of the vessel. However, this is not the case for this 
project. 

So only a few solutions are available today, and except for the first two of 
them, they are only experimental: 


¢ Offshore Access System 

¢ The Ampelmann 

¢ Browing system, Lockheed Martin Littoral Combat Ship program 
* Boat landings 

¢ Viking Selstair 

¢ Transfer crane solutions: PTS, Grumsen, and others 


The common denominator for these systems is that they must be fitted on a 
vessel or on each foundation in order to transfer personnel to and from the 
offshore turbines. Therefore, their success largely depends on the seafaring 
characteristics of the vessel to which they are fitted. Furthermore, except for 
the boat landings, the Browing system, and Selstair prototypes, they are not 
in use at the moment. This is, of course, important because the owner of the 
wind farm probably has no interest in applying a prototype solution to a 
large-scale wind farm. The access system must be one that is reliable, tested, 
and certainly legal. 

As mentioned earlier, the seafaring characteristics are determined by the 
wave height and the length of time the vessel can withstand. In addition, the 
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transfer system must be fitted to the vessel in a secure manner in order to 
safely transfer personnel. This means that the system itself must be very rigid 
and able to cope with high forces, accelerations, and bending moments. This 
is often not the case. Other systems, such as the Waterbridge, have experi- 
enced this problem. 

Furthermore, crane solutions for lifting people are actually illegal. This is 
true in the Danish sector, where health and safety regulations are governed by 
the health and safety authorities and not by the marine, energy, or offshore 
ministries. In Denmark, for instance, it is prohibited to lift people with cranes, 
regardless of size and make. The only exception is occasional light work on a 
single position where scaffolding is not viable but certainly not as means of 
regular access to a structure. Suspending a person from a steel rope on a 
remotely operated crane offshore can be treacherous and is not recommended 
as an access method. The number of things that can go wrong is infinite. 
Finally, it is not economical to install such a device on every platform; this 
is expensive and will require huge amounts of unnecessary maintenance. 

Another system is the Lockheed Martin Browing system for offshore 
transfer of marine personnel that has been used for many years by the Britain’s 
Royal Navy. Basically the system consists of a gangway that can be extended 
and retracted with the same speed as the wave-induced movements of 
the two vessels it is extended between. However, to function against a fixed 
offshore structure, the system must be reinforced to take the higher forces 
from the vessel moving toward and away from the foundation. 

Combined with a SWATH vessel, the system could be a very good so- 
lution when reinforced as just described. When fitted to the SWATH, the 
Browing system is approved for crew transfer of up to 2 m Hs and should 
therefore be an adequate solution when operated properly. 

The access system has been tested and operated on a daily basis in offshore 
waters for more than 10 years. The system, however, is designed for two 
vessels in motion. This will be different from the fixed structure against 
which the system would be used if it is applied to the O&M solution for 
an offshore wind farm where the foundation, of course, is fixed. 

Therefore, careful design and alterations must be carried out if this is the 
case. The fact that the system is working against a fixed structure will increase 
forces and bending moments on all the movable parts, so it is important that 
they be reinforced. If this is done, the system will be smaller, lighter, and 
faster than all the other solutions. 
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The boat landing was developed for the offshore oil and gas industry 
years ago and has as such been in operation for the longest period of all 
the solutions. This method has also been chosen for the previously installed 
wind farms and has been successfully used for deployment of personnel 
without any problems. 

However, the system has only been approved for operation in up to 
1.1m Hs and is therefore, in the current configuration, not suitable for 
access to the turbines by itself. This does not give the accessibility that is 
desired, since the demand is 2 m Hs in order to give 95 percent accessibility. 
This can to some extent be counterbalanced by using a vessel type, such as 
the SWATH, that has benign movements in the higher-wave climates. 

Selstair is marketed by Viking as a means of lifesaving, and as such the sys- 
tem works well. However, there is a problem with the system that makes it 
unattractive to this industry. As presented in other studies, the Selstair is fitted 
onto the transfer vessel and a line is run up to the turbine platform. However, 
no instructions are provided for how to do it and how it is supposed to work. 
This means that the only other possibility is to fit a Selstair to each turbine, 
which is certainly unattractive. Also, the fact that this system would have to 
be remotely operated means that higher maintenance costs would be incurred. 

Finally, the Offshore Access System (OAS) and the Ampelmann are two 
systems that attempt to mitigate the effects of waves. The idea is good, but the 
experiences so far have not been impressive. Both systems are very expensive 
and require large craft in order to be stable. The fact that a gangway of more 
than 10 m is suspended from the stern or loin of a vessel is in itself a heavy 
burden, and the smaller vessels would easily capsize in this event. 

This means that the cost is significant and, in the case of the Offshore 
Access System, the fact that the gangway is fixed to the turbine foundation 
means its rigidity—and for the foundation, for that matter—must be very 
high. This leads to another increase in cost, which is undesirable. 


Offshore Access System 

The OAS is an extendable gangway suspended in two hydraulic cylinders 
and motion stabilized in order to pick up the vessel motion relative to 
the foundation (Figure 15.10). 


The Ampelmann 

The Ampelmann is the same type of solution (Figure 15.11). In effect it is a 
set of hydraulic cylinders that are fitted to the deck of the vessel and hold a 
suspended platform in order to keep it steady for the gangway to be placed 
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Figure 15.10 OAS heavy-duty version. Courtesy of Offshore Solutions. 


Figure 15.11 The Ampelmann. Courtesy of Ampelmann Operations. 


onto the foundation. This way, vessel motion is taken up by the 
Ampelmann, and the gangway and platform are kept steady for ease of access 
to the foundation. 

Table 15.2 lists the features of each system, so that you can have a readily 
available overview of the various types of information that can be obtained. 
For further details, the websites of several of the companies offer lots of data 
and some have pictures from ongoing projects. 
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Table 15.2 Transfer Solutions 


Boat Offshore 
Name Ampelmann Landing Browing System Access System _ Selstair Transfer Crane 
Manufacturer TU Delft Various FBM Babcock Fabricom Viking Various 
Description Gyrocompensated Fixed Gyrocompensated Hydraulically —_ Flexible Remotely 
platform structure gangway operated vertical safety operated cranes 
gangway staircase for lifting of crew 
Max Hs 2 expected 1.1 actual 3 max, 1.5 practical 1.5 expected 2 expected 2 expected 
Size of Vessel 30 m+ due to 15 m+ for 20 m+; see 40 m+due to Unknown 15 m+ for safe 
Required weight of system safe SWATH weight of seafaring 
seafaring description system 
Maintenance High Low Medium High Low Medium 
Estimated 5 5 due to 3 5 5 due to 5 due to number 
cost 1-5 number number required 
required required 
Rating 1-6 4 2 1 5 3 6 
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Loaded and ready for departure with the first batch of turbines for the Lillgrund wind 
farm. It is extraordinarily simple from a technical point of view to carry out this work, 
provided you know what you are doing and have planned correctly for the project. Once 
started, you just repeat the process until the last turbine is installed. 
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Off to a good start placing the bottom section on the foundation. 
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Horns Rev 2002. Weather: sun, sun, and sun. Wind 3 to 4 m/s, waves 0.5 to 1.0 m Hs. So 
unusual that people in the Esbjerg port talked about us being “extremely lucky.” But this 
is what it is all about—good planning blessed with some luck, in this case a lot of luck. 


Sailing out to the site with only towers onboard. Sometimes onshore production cannot 
keep up, so to be sure the vessel is occupied and offshore production is running, this 
step is taken. It's also a graphic reminder of how important planning of all operations 
from the factory onshore to the foundation offshore is. 


CHAPTER SIXTEEN 


Deployment Strategies 


When reviewing the data presented in Chapter 15, it becomes apparent that 
the resource allocation for an operation and maintenance (O&M) depart- 
ment, and certainly the hardware involved, is considerable. Furthermore, 
the entire spread of surveyors, classification intervals, personnel expenses, 
and administration is a significant proportion of the OPerational EXpenses 
(OPEX) costs. This is due to the fact that the naval authorities and the reg- 
ulatory requirements they implement do not discriminate between one 
small organization with one vessel for offshore transfer use and a full-scale 
shipping company. 

The safety, personnel, and technical issues are the same for sending peo- 
ple out to sea whether it is only a few individuals or many. This in effect 
makes sense in order to safely navigate the oceans, but it puts extra costs 
on the single vessel that the owner requires for the wind farm, so other so- 
lutions rather than investing in a full-blown offshore operation should be 
considered. 

The desire of any offshore wind farm owner is, however, to have access 
to equipment and personnel whenever it is required and preferably without 
delay. Therefore, the goal is to own equipment and also to employ the crew 
and repair technicians needed to be able to carry out O&M and also repair 
whenever it is required. However, previous calculations made in coopera- 
tion with the repair department from Vestas show that the amount of money 
spent per day adds little cost efficiency to the project. 

Based on the figures obtained from Horns Rev, the conclusion is that it is 
possible to spend around 3500 to 4000 euro per day for a vessel equipped 
with 3 crew members and 12 technicians. This is, however, very close to 
the limit of what is possible to operate when the weather criteria are also 
taken into consideration. Weather downtime will be significant, and there- 
fore the number of technicians should be higher. 

Unfortunately, a number of 12 pax on board is the maximum before 
you must enter a higher SPS code of compliance. SPS is the safety code 
of practice for cargo and passenger vessels. This regulatory code is interna- 
tional and consists of increments of 12, 50, 200, and 1000. When the 
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passenger level is higher, a number of criteria must be raised dramatically, 
and subsequently the cost efficiency of the vessel becomes very poor for 
this type of work. 

Therefore, the desire to have 18 or more technicians onboard results in 
demands for the vessel to carry rescue equipment for 50 people, which will 
dramatically increase a number of technical features such as damage stability 
capability. Other issues, such as hull thickness, may make it impossible to use 
an existing vessel for conversion, and today the cost of a new vessel is very 
high due to the worldwide market situation. 


SHARED ACCESS TO OFFSHORE EQUIPMENT 


The alternative solution to owning and operating an entire O&M spread 
with vessels, crew, and technicians is to share the resources with the wind 
farms that are located close to the project. The advantage is, of course, that 
it is possible to significantly reduce the cost of crew, technicians, and plant. 
The disadvantage is that you may not have instant access to everything when 
you need it. Therefore, a method of sharing the resources must be developed 
in order for all wind turbines to be serviced as quickly and efficiently as 
possible. 

In the following, we discuss the repair of offshore wind turbines. It is 
clear that the frequency of main component breakdowns in an offshore wind 
turbine does not justify investing in a very expensive repair vessel. There- 
fore, a framework agreement has been developed by ship owners to facilitate 
swift repair of offshore wind turbines at a reasonable cost. 

In our opinion the only sensible way to address the operation and main- 
tenance of offshore wind turbines is to do exactly the same: design a frame- 
work in which two or more wind farms share the crew transfer vessel, thus 
significantly reducing the cost of plant per kWh. This also makes sense be- 
cause the number of times at which even a minor spare for the turbine is 
needed is relatively small. The lead time for larger components will be sev- 
eral days, if not weeks. 

Therefore, the task of planning maintenance is not as difficult as it might 
seem, simply because it is not often the case that you can just sail out and 
restart the turbine. The parts needed for repairs, whether small or large, 
are not at hand, and it is not economically viable to have one or two turbines 
in stock as spares. Furthermore, maintenance schedules are typically orga- 
nized around the best access opportunities during the year—that is, during 
the summer. 
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So the key to the optimum O&M system is to calculate the number and 
type of breakdowns experienced in the desired turbine so far, compare this 
with the lead time for spares, and then calculate the necessary response time 
for the single repair. It is also apparent that the number of kWh generated in 
one single turbine has a relationship to the cost of O&M plant. If the turbine 
generates 2000 euro per day when operating at full load, it is allowable to 
have it standing idle for two days before the cost of plant is less than the pro- 
duction loss if the choice is a SWATH vessel. 

Within a two-day period it is very likely that a vessel can be sent to carry 
out either the small repair or the restart needed. So the recommendation 1s to 
search the market for possible relationships with adjacent wind farm owners 
to reach an agreement on sharing the O&M spread. The cooperation does 
not necessarily have to start when it is installed, but it would be advantageous 
if the neighboring wind farm (or farms) agrees to buy into the spread that the 
wind farm owner operates whenever they are built. In this way the cost and 
degree of idle time for the equipment can be minimized, and subsequently 
the cost per kWh can be reduced. 

A further advantage is that the technicians will become more accus- 
tomed to being transported and working offshore, which will further 
decrease the number of idle hours because rough weather has a large im- 
pact on the level of performance in the turbine. The technicians will suffer 
less from seasickness and other transport-related fatigue factors. The final 
task is to define the means of transport and the actual setup on site for the 
O&M solution. 


Using Helicopters 


It has been debated whether the added security of using a helicopter for 
transport of personnel when the weather is too rough for the transfer boats 
is worthwhile. The previous experience is, of course, limited in the way that 
Horns Rev and Alpha Ventus are the only offshore wind farms where such a 
backup solution has been applied. Therefore, the logical step is to ask the 
wind farm owners who have experience in this field for their feedback 
and then report their responses. 

Basically, the contract with the helicopter supplier is that he will have a 
standby service agreement, where the client could ask for assistance within a 
certain time frame from the blackout of a turbine until the point in time 
when the helicopter must deploy a technician on the turbine in question. 
Flight time for Horns Rev would be 0.5 hours as opposed to the 1.5 hours 
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transport time with the crew boat. Distance is, of course, a factor that must 
be considered carefully. 

The fact that Esbjerg Airport has a heliport for the Danish offshore sector 
only a couple of kilometers in the right direction of the flight path to Horns 
Rev makes it a reasonable consideration. Furthermore, the helicopters are in 
other long-term service agreements that have made the price more attractive 
for the wind farm owner when the contract was negotiated. 

So compared with the daily production at full load of approximately 
2000 euro, the cost of the helicopter should be fairly low for it to be attrac- 
tive. However, this service will cost the owner much more than the produc- 
tion of one turbine per month, and compared with the total production per 
2 MW Vestas machine on Horns Rev, this would in effect mean that you 
need to keep two additional turbines running for the entire year in order 
to make up for the cost. 

Therefore, the solution only makes sense in the months in which 
you could expect near full production—for example, January and Febru- 
ary. However, in such cases, you may be prohibited from reaching the tur- 
bines by boats for days. For the remainder of the year, it is not economically 
viable at all. 

For the Alpha Ventus project, the information received is that the heli- 
copter service was of paramount importance and that the wind farm would 
not be efficiently serviced unless such a means of transport was available. If 
and when the helicopter backup solution is transferred onto the wind farm, it 
must therefore be looked at very carefully. Although the turbine at full load 
has more than double the daily production, the distance to shore, as well as a 
suitable location where a helicopter is sitting idle most of the time, must be 
assessed. 

Since the Horns Rev figures do not add up with only 30 minutes of 
transport, the distance to shore and pricing structure must be radically dif- 
ferent for the wind farm in order to work. This is doubtful because the 
pricing structures for the helicopters do not vary greatly in the North 
Sea region due to the amount of work and the actual capacity present. 
We cannot at present recommend the deployment of a helicopter service 
unless the owner can negotiate dramatically different rates than have been 
achieved in the past on the offshore wind farms that have previously been 
installed. 

This point can be debated at great length. If the helicopter service was 
so good and important, one would think that this would be a standard re- 
quirement for all offshore wind farms, but it isn’t. Various project developers 
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are all following different approaches to this problem, and it will possibly 
take a bit of time before anything significant can be deduced about the 
viability of helicopter use. 


Additional Safety 


This gives rise to the question: Is there any additional safety that can be 
deployed that will increase accessibility to the turbines? From here, the 
point of view is that there is not. You can double the spread that is orig- 
inally intended for the O&M solution, or you can design two spreads to 
perform different tasks altogether. The wind farm owner could, for exam- 
ple, benefit from the use of a SWATH or monohull and a jack-up for a 
larger repair. 

This would not provide a significantly better operational envelope in the 
wind farm, but it would increase the number of tasks that can be performed 
by the owner before requiring bigger and more expensive vessels. Unfortu- 
nately, this also significantly increases the transport and maintenance costs 
and therefore subsequently lowers the profit per kWh. 

Finally, it should be noted that the deployment of equipment as men- 
tioned earlier in this chapter would also apply for the shared O&M solution 
between two or more adjacent wind farms. This would also have the benefit 
of increasing the availability of craft for deployment of technicians, since 
there would now be two spreads to choose from. 


Cost Model 


As we saw in the table in Chapter 15, which compared the different types of 
service vessels, there is a great variation in the cost of the plant. Unfortu- 
nately, there is also a great variation in cost related to the operation of the 
same. As an example, the same SWATH from Lockheed Martin will come 
out in several OPEX cost figures on fuel and lubricant consumptions, 
depending on the speed at which the vessel needs to sail. An increase in cost 
of more than 30 to 40 percent is not unusual, and comparison of the vessels 
based on this is virtually impossible unless a tender document is issued stating 
the specific criteria the vessel must meet. 

As can be seen in Table 15.1, however, the probable purchase price and 
OPEX cost are listed where it has been possible to obtain one. If the wind 
farm owner wants to issue such a tender, Advanced Offshore Solutions 
would most certainly offer their services to achieve the best cost and quality 
of vessels. 
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FUTURE TRENDS IN THE SERVICE VESSEL INDUSTRY 


Even though great efforts have just been made to describe what the issues are 
regarding the offshore service vessel industry and its specifics, it should be 
noted that the trend is driven forward by market development in various 
ministries of energy. Why is this so? 

Well, it is simply because Round 2 and Round 3 in Britain have moved 
the wind farms further offshore. Also, in Germany, the initial frame of 
mind was to claim they didn’t want to see them from the shoreline, so al- 
most all offshore German wind farms are more than 20 km from the nearest 
beach. 

This means that the daily deployment of technicians for maintenance be- 
comes unrealistic in terms of the small service crew boats that sail at high 
speed to and from port. The sailing time to the nearest suitable port will of- 
ten be more than 2 to 3 hours away, and transport time does form part of the 
working time for the technicians. Therefore, the transit time of 3 hours in 
each direction will mean that 6 hours of a maximum 12-hour working day 
per technician will be lost in unproductive transport time. 

A new business is therefore emerging, where the technicians are kept 
offshore on hotel vessels in the near vicinity of the wind farm. In this 
way it is possible to use the small crew vessels as deployment vessels in 
the wind farm and host the technicians for a full week onboard. This signif- 
icantly increases productivity, and the trend is to also use this type of vessel 
for the installation. 

This raises the bar for cost, however, and therefore small vessel operation 
is threatened in the coming years as bigger companies with the balance sheet 
to invest in and operate this type of vessel are entering the market. As always, 
only older, less expensive vessels are available in the beginning, but as a con- 
sequence of the development of the industry, in the coming years there will 
be a new generation of offshore wind farm hotel vessels with high standards 
and abilities. 


CREW VESSEL SELECTION CRITERIA 


For the crew vessels, however, a process similar to the installation vessels can 
be employed. A number of criteria for the proper use and proper character- 
istics can be developed in a schematic form (Table 16.1). The table provides 
an explanation of various details so the reader can understand why the spe- 
cific item is important. 
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Table 16.1 Crew Vessel Specification Sheet for a Catamaran 


Basic Type of OAS Crew boat double hull, up to 12 pax 
mntoemavon OAS owner Various: Denmark, Fintry Marine; 
U.K, Alnmaritec; WindCat 
Workboats, The Netherlands 
Country DK, UK, NL, Germany 
Trading distance Vessel will have a maximum trading 
from nearest safe distance from port 
port: 50 NM 
Fuel Fuel consumption high due to 
consumption: 250 excessive speed 
l/h 
Use or purpose Bring service and installation crew 
from port to turbines; access via 
normal gangway 
General Width: 10 m The dual hulls are wide apart in order 
parameters to achieve stability and low draft 


Length: 20 m 


As small as 15 mand as large as 25 m; 
typically, the catamaran is smaller 
than the monohull in order to keep 
costs down 


Transit speed: 25 
kn 


Very fast craft 


Wind speed 
(limit): 12 m/s 


Vessel will not cope well with high 
wind and seas 


Significant wave 
height: 1.3 m 


Unless the vessel is significantly 
larger than 25 m, the Ampelmann or 
OAS will not fit. Then the only 
access is via the ladder, and this 
cannot be done in very high seas by 
the catamaran unless in head seas, 
which is not always possible. 
However, the catamaran is better in 
performance in general than the 
monohull. 


Weather 
condition limits 


As per above 


Anchoring/ 
mooring system 


None; vessel will push against the 
access ladder 


(Continued) 
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Table 16.1 Crew Vessel Specification Sheet for a Catamaran—Cont'd 


Loading capacity Max load: 4 ton 


Could be a little higher, but in general 
12 pax is the load it will take, along 
with fuel and water; the catamaran 
will not transport a large amount of 
supplies due to the hull form 


Operations/ Supplier 
bookings 


Numerous: Alnmaritec, WindCat 
Workboats, Fintry Marine, etc. 


Builder 


Various yards: Alnmaritec, Hvide 
Sande Skibssmedie, Damen 


Shipyards, etc. 


Charter cost: 2500 
euro/day 


Minimum charter 
period: 30 days 


Vessels are generally inexpensive to 
build, own, and operate 


However, the owners will seek 
long-term employment if 


possible 


Mobilization cost: 
50,000 euros 


Easy to move and plenty in supply 


Purchase cost: 
2.5 m euros 


In this range, could however be 
more 


Foreseen Plenty of suppliers all over Europe 
availability/ 
booking 

Waiting for Significant wave 

weather height: 1.3 m 


Maximum wave 


peak period: 6 s 


Wind velocity: 
10 m/s 


Current velocity: 
2 knots 


Due to installation capacity of 
component suppliers 


For positioning/leaving the site 


Needed visibility: 
200 m 


Worse weather calls for more 
visibility 


Maximum wave 
height for WOW: 
1.5m 


Wind limit for 
WOW: 12 m/s 
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Table 16.1—Cont'd 


People transfer Vessel’s wind Mooring arrangement at bow for 
and turbine access climb access 
accommodations — system 


Access to vessel Mooring arrangement at bow for 
climb access 


Heave None 

compensation 

system 

Accommodates: The normal standard as per SPS rules 
12 is 12/60/250 

Crew needed: 3 Depending on number of pax 


The crew vessel specification sheet seen from the charterer’s side could 
look something like Table 15.1, although there are more details that the in- 
dividual charterer will probably want to know. 


BASIC INFORMATION RELATING TO CREW VESSELS 


Which type of vessel should be rented? Is it a monohull, a catamaran, or 
perhaps a SWATH that is considered best for the project? 


Type of OAS 


The type of vessel will be determined by the actual use in the project and 
location of the same. If the project is near shore and in sheltered waters, 
the criteria do not have to be so high, but if the vessel is for open seas 
and heavy weather, small catamarans and monohulls will not be able to cope. 


OAS Owner 

Who is the owner? This may not be as relevant, but the contract has to be 
with a serious and respected partner; otherwise you run the risk of chartering 
the wrong piece of equipment or, even worse, that neither the equipment 
nor the owner will perform. The contract for a unit, such as a crew vessel, 
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will be for a minimum of five years—normally—and therefore it is a long 
period to be committed to the wrong equipment and supplier. 


Country 

The vessel should not be chartered from a country or company too far away 
from the job site. The reason for this is to be able to secure smooth and fast 
communication lines to conduct business. If the owner is too far away, you 
will be working through agents or people contracted in; this will make 
things slower and more difficult. The optimum is to have a supplier right 
in front of the wind farm. This, however, is not always the case, and there- 
fore the closest acceptable suppliers should be chosen. 


Trading Distance 

The trading distance from the nearest safe port is an extremely important 
feature for the crew vessel. Since they are small craft, normally with no spe- 
cific accommodations for the marine crew, they cannot stay out longer than 
16 to 24 hours. Further, life rafts and other safety equipment must comply 
with more stringent rules and regulations in order for the vessel to trade 
farther offshore. For most crew vessels this is not the case. 


Fuel Consumption 
Fuel is expensive, and since we need to travel at high speeds to reach the 
offshore site quickly, the vessel consumes a lot of fuel. The numbers in 
Table 16.1 are arbitrary, yet quite accurate for the smaller craft. Ifa 21 to 
25 m catamaran is transiting at 25 knots, the fuel consumption could easily 
hit 350 to 400 liters per hour; thus, it becomes a significant cost parameter for 
the charterer. 

Given that the vessel trades 360 days for 5 years and the traveling distance 
is 3 hours each way to and from the offshore site, the cost would be 5 years x 
360 days X 6 hours of steaming x 350 liters = 3.8 million liters of diesel, or 
close to it. At 1.40 euro per liter, this comes to around 5.3 million euros, so 
possibly the boat will be completely paid for. This is a significant cost. 


Use 

Why is the vessel being chartered? Is it for crew transport only? Will equip- 
ment be transported as well? Is the wind farm close to the shore? Are the 
waters and the site exposed or sheltered? Does the crew have to stay offshore 
overnight? These questions are crucial to the charterer and, of course, also to 
the owner in order to find the right vessel. The costing of the vessel will be 
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very much dependent on these issues, and therefore the specifications for the 
actual job to be carried out must be determined in rather great detail. 
Otherwise there is a good chance that the wrong vessel will end up on your 
site; that is not what you want—from neither a cost nor a safety and oper- 
ations point of view. 


General Parameters 


For the vessel charterer—the wind farm owner or operator—the length of 
the beam and draft, as well as the speed and consumption, are important 
parameters to determine whether the vessel is suitable or not for the pro- 
ject. Therefore, a number of parameters are given as a minimum list as in 
the following. 


Beam or Width 

The beam of the vessel (m) will tell you something about the seafaring qual- 
ifications, insofar as whether the vessel is slim and fast, if it is a monohull, or 
whether it is beamy and deep in the water, thereby often slower but more 
stable to work from. 

For a multihull, the speed is less dependent on the beam, but the stability 
in transverse waves is much more important in this case. The reason is that 
while the multihull takes head seas well, it can have difficulty lying in trans- 
verse waves. This should be considered when opting for a catamaran, and 
often the extra cost for the SWATH is worth considering. 


Length 

The length of the vessel (m) is a very important parameter. The longer the 
vessel, the better it normally behaves in the waves—to a certain extent, at 
least. Length and beam go together, and a long and decently beamed vessel 
will behave nicely in rough waters offshore as long as the speed is kept right. 
A high-speed vessel in bad weather is a sure recipe for disaster, and the pos- 
sibility of losing the vessel to a large crossing wave or sailing it into an on- 
coming wave is high. Therefore, care must be taken to equip the vessel with 
the right amount of power and to adjust this to prevailing weather when 
steaming out of or into port. Again, a full-bodied vessel with a reasonably 
deep draft will make the passage slower but safer in bad weather. 
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Transit Speed 

The transit speed (kn) is almost always referred to as the most important fig- 
ure ofall. The faster we can be onsite, the more work we can do. But speed is 
dependent on the weather, as we said before. So the speed of the vessel can 
be really high, but at high speed in marginal weather, the ride can be horrific 
because seafaring behavior is poor and the trip may become agonizingly long 
even though the distance is only 20 or 30 NM. Therefore, speed and sea- 
faring behavior always go hand in hand. 

For several offshore wind farms, however, the distance is longer, and two 
to three hours of steaming can be experienced. Since the technicians are un- 
der the 11-hour rule (there must be 11 hours of rest between two working 
periods), the time spent traveling to and from site must be deducted from the 
actual working time. So for 2 x 2 hours traveling to and from the site, that 
leaves a maximum of 8 possible working hours per day. But the 4 hours per 
day traveling must be paid for, and thus the cost looks like the following with 
12 technicians on board: 


5 years x 360 days x 4 hours travel x 12 technicians 
= 86, 400 hours lost over 5 years of service 


Add to this the cost of fuel, and you would get the results in Table 16.2, 
including, of course, the average day rate for the vessel plus marine crew. 

So, as can be seen, the cost of bringing personnel to and from the wind 
farm for service purposes is equally spent on the vessel, consumables, and tech- 
nicians. This table is relatively crude and should be refined. But it serves as an 
example that this industry and the cost of services must be taken seriously, es- 
pecially if we calculate this cost over 20 years where it would be around 85 
million euros to bring 12 technicians out on a daily basis. 


Table 16.2 Service Vessel and Crew Cost 


Number Number Cost/  Cost/ 


Years in Effective Day Hour Consumption/ Total Cost 
Service Days (€) (€) Hour (€) 
Vessel, including 5 360 4500 8,100,000 
crew 
Fuel consumption 5 360 2940 490 350 liters 5,292,000 
12 technicians 5 360 4200 7,560,000 


Grand total 20,952,000 
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Wind Speed (Limit) 

The maximum wind speed (m/s) or velocity the vessel can and will operate 
at is, of course, relevant for the charterer. The wind speed at which the vessel 
can transit is extremely important. Even more critical is the ability to keep on 
station in front of the foundations and transfer personnel to and from the 
turbine. For this purpose, the wave climate is determined, and as previously 
mentioned, waves are first and foremost wind-generated. 


Significant Wave Height 

Once again, the waves are the prominent factor for the vessel and absolutely 
all work offshore. The waves and their significant height (m) have been dis- 
cussed at length previously, but this is important for the crew vessel as well. 
This is especially true because wave height, in this case, makes it either pos- 
sible or impossible to service or repair the turbine. For the installation, it was 
a question of whether the installation vessel could jack up or not. For the 
service and repair vessel, it is a question of when and how it can deploy per- 
sonnel on the turbine. It may seem insignificant compared to the cost of the 
BOP for installing the turbine in the first place, but the difference between 
1.8 and 2.0 m Hs for the crew vessel can cost millions of euros over a 20-year 
lifespan. 


Weather Limits 
The weather limits are consolidated in the documentation of the preceding 
criterion. Thus, wind, waves, and currents are significant factors in deter- 
mining the vessel operational parameters. However, the normal procedure 
is to deliver the entire set of specifications to the charterer, including the 
weather limitations of the vessel. Weather limits are not necessarily the max- 
imum limits for the vessel to operate in but for the safe transfer of passengers 
offshore. 

This is important because some vessels have a maximum criteria of 1.2 to 
1.5 m Hs, but this is for transfer of passengers, not transiting. Imagine if the 
transit capability was this low! In that case, the wind farm would never be 
cost effective if the transfer of personnel, and thereby the service, would only 
be possible in this weather climate. However, transit could be in worse 
weather conditions, which means that the vessel can move personnel to 
and from the turbines in a downward and rising wave situation, respectively. 
In other words, this would mean transitting out when the waves are from, 
say, 2.0 m Hs and descending and transiting back to shore when the waves 
are 1.5 m and rising. 
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Double fenders to fit the 
bow of the crew vessel. 


Note the propellers’ forward 
thrust to push the vessel 
against the fenders to 
dampen movement from 
the waves. 


Figure 16.1 Photograph of a vessel anchoring or mooring system to access a turbine. 


Anchoring or Mooring System 

Anchoring in the wind farm is normally not possible, so the anchoring or 
mooring system against the turbine foundation has to be developed specif- 
ically for the wind industry because the foundation has specific require- 
ments. The access to the foundation is normally via an access ladder fitted 
with two or four vertical tubular steel fenders wherein the bow of the crew 
vessel can push against it—or moor afloat (Figure 16.1). 


Loading Capacity 

When dealing with the crew vessels, it is necessary to understand that their 
sizes are usually small, and therefore they are first and foremost intended for 
the transport of personnel to and from turbines. However, a small amount 
of cargo is normally expected, and therefore any cargo capacity in the 1- to 
5-ton region is acceptable. The cargo size and nature are also limited to the fact 
that the vessels are often aluminum and therefore not ideally designed to carry 
heavy point loads. Thus, cargo suchas grease, small tools, and so forth are often all 
the vessel can handle. Large components are not transported on crew vessels. 


Operations/Bookings 

As said before, the booking of'a crew vessel is generally long term. Usually it 
is a 5-year service contract that the wind farm owner must give out to a vessel 
provider so the turbine supplier can perform service and maintenance during 
the warranty period—normally 5 years. After this period, the wind farm 
owner takes over the service obligation, and the vessel provider, assuming 
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he has done the job well, will be in a very favorable position to continue 
chartering the vessel for an additional 15 years. 


Waiting on Weather 

Weather downtime is calculated in the same manner as for the installation 
vessel. It is important to understand that the crew transfer vessel will pre- 
dominantly be delivering personnel and small items to the site, but this will 
normally only be done in daylight hours. The criterion for doing this is, 
however, the same as for installing the turbines. Thus, the weather win- 
dow—when deducting the good weather periods at night—will be signif- 
icantly smaller than for installing turbines. So when calculating weather 
downtime, this part of the puzzle should be considered very carefully. 


Personnel Transfer and Accommodations Offshore 

The main role of the crew vessels is, of course, to deliver personnel on the 
turbine. This is why we hire them at a very high daily rate for a 20-year pe- 
riod: the lifespan of the wind farm. It is therefore equally important that the 
vessels can deliver the job at a high standard with excellent safety and do this 
consistently day after day. 

So, according to the previous general description, where the service and 
crew boat market is presented, it should be made clear that not only the ves- 
sel must perform but also the method of crew transfer from the vessel to the 
foundation, and vice versa. In general, access must be safe to use even at 
larger wave heights such as 1.5 to 2.0m Hs. This is the case with some 
of the newest types of access: the Ampelmann and the OAS. But this ability 
comes at a price and weight, and the question is whether it is economically 
viable—yet—to use these types. 

The reason for this uncertainty is that the access system must fit the vessel. 
Therefore, large systems require a significantly larger vessel than the normal 
crew boat. That is why access systems have mainly been deployed in the oil 
and gas industry until now, although the first wind farm installations have 
used these means of access with good results. But as always, cost is the issue. 

Future projects, such as Round 3 in the United Kingdom and several of 
the German projects, will require offshore accommodations for the installa- 
tion and maintenance crews. The reason for this is that transport will take up 
almost all of the available working time for the employees. Therefore, the 
only viable solution is to use an accommodation vessel of a decent size. 

Until now, the vessels have been old, converted night ferries taken out to 
the offshore wind farm, and it is from such “mother ships” that the technicians 
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are deployed. The future in the installation and O&M industry, as far as crew 
deployment goes, will be from these types of vessels. However, transport 
from the mother ship to the individual turbine still has to be carried out using 
runabouts. Whether monohulls, catamarans, or SWATHs will be used is, in 
this respect, up to the individual wind farm owner. 
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Waiting is a great part of the time spent offshore. Waiting on weather, waiting for com- 
ponents to be rigged, waiting to move location, and so on. It takes a good deal of 
patience to accept that the time is regulated for all activities when working offshore. 


Maintenance and surveillance of all operations are crucial to a seamless installation 
project. 


CHAPTER SEVENTEEN 


Repairing Offshore Wind Farms 


The operation and maintenance (O&M) strategy is normally not combined 
with the repair plans for offshore wind farms. This is because of the fact that 
the approach to the two types of work is different. The O&M of offshore 
wind farms generally requires a small- to medium-sized vessel without large 
lifting and loading capacities, since it is a matter of bringing crews out to the 
turbines and safely on and off again when servicing has been completed. 

Repairing offshore turbines is considered to be the case when a major 
component—a blade, generator, gearbox, and so forth—must be replaced 
or repaired. For this type of work, you need a large vessel with the capability 
to stand firmly on the seabed for a long duration—12 to 24 hours 
uninterrupted—because the sheer weight and size of the components 
require cranes and other lifting equipment to be replaced and refitted. 

Therefore, companies like A2SEA A/S in Denmark have developed 
models for cooperation between wind farm owners and themselves to 
achieve two goals: 


1. To bring down the price on the large and very expensive equipment 
2. To give customers the maximum satisfaction in terms of cost, planning, 
manning, and operation 


The idea is that the owners and operators of offshore wind farms join one 
another in an effort to reduce the cost of a repair. The problem is that 
the crane vessels or jack-ups that must be deployed to carry out any 
component replacements are very expensive. 

Furthermore, the equipment is not available in large numbers, nor does it 
lie idle in harbors close to wind farms. Therefore, the day rates for this type of 
equipment, regardless of which type is chosen, are extremely high. Nor- 
mally a day rate of 30,000 to 40,000 euros is charged, making any type of 
repair costly. 

There is only one way to bring this price down and that is to use the 
vessel as much as possible to keep the number of idle days low. This can only 
be done if owners, suppliers, and operators of the offshore wind farms share 
the cost for one single vessel among themselves. 
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HOW DOES IT WORK? 


One crane vessel can service (carry out repair parts) around 250 to 300 tur- 
bines during a one-year season. No wind farm is that big as of yet, and fur- 
thermore the turbines do not break down in those numbers. Actually, the 
average number of turbine failures during one year is estimated to be around 
4 to 5 percent. 

So if the repair vessel only has, for example, four turbine repairs on 
Nysted or Horns Rev per year, which ship owners must be able to carry 
out at any given time, in order for Vattenfall or DONG to keep the avail- 
ability of the wind farm above 95 percent, the cost per repair would be as- 
tronomical because the vessel or jack-up would have to be kept within reach 
of the wind farm and thus unable to take on other work. Therefore, the idea 
is to have several wind farm owners share both the availability of the nec- 
essary repair vessel and also the cost of keeping it available 24/7/365. 

Other derivatives of this have been discussed, such as the wind farm owners 
and/or operators accepting a grace period of anything between 1 and 14 days, 
which would allow the repair vessel to do other work and thereby enable 
owners to lower the vessels’ day rates. This makes sense because the spare 
components for the turbines are not stockpiled. 

It would be very expensive for the single wind farm owner and not ef- 
fective, since the lead time for a spare component is generally around 14 days 
or even more. So a system where the offshore wind farm owners and/or op- 
erators and suppliers join in a framework agreement to obtain repair capacity 
at a reasonably low cost, combined with the gracing strategy just mentioned, 
would be a very sensible solution. 

To clarify even further, forecasting the availability of the offshore wind farm 
and the related availability of repair and maintenance vessels, makes little sense 
because the spare components can never be readily obtained anyway. This 
means that within the 1 to 14 days when the component may or may not show 
up, there may or may not be a weather window for the repair to be carried out. 

So determining the availability of the wind farm based solely on the 
weather, and certainly on wave forecasts, makes no sense. The only practical 
way to address repairs offshore is to be as well prepared as possible and to 
carry out repairs at the first opportunity. A system where wind farm owners 
in the same region join in a framework agreement with an equipment 
supplier is the best and most cost-effective solution of all. 
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Checking the monopile while driving it into the seabed. It is crucial that it goes into the 
ground exactly vertical; otherwise, it may not be possible to fit the turbine on after- 
wards. Therefore the monopile is checked often and particularly in the beginning of 
the pile-driving process to see whether it needs adjustment. 


Accessing the turbine using RIB is no longer a common sight. Second- and third- 
generation wind farms are all in much more exposed waters and require a more rigid 
approach. 
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ropes on the side. They are for the elevator, which can hoist two men—of limited 
size—or tools to the top of the tower. To climb the tower, you need to be in good shape. 
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A transfer vessel is moored against the turbine foundation. This way it is safe for the 
crew to enter and exit the turbine without the risk of falling into the water. 


CHAPTER EIGHTEEN 


Environmental and Other Issues 


The offshore wind industry is a green industry—as is, of course, the rest of 
the wind industry. The jobs that are created are green jobs, and the industry 
is trying very hard to keep a green label attached to all of the disciplines of the 
work carried out. 


PROTECTING THE ENVIRONMENT 


The companies in the industry are determined not to cause any damage to 
the environment by manufacturing or installing their products. This is, of 
course, an important issue, since the industry’s reputation is based on the 
perception of causing no harm to the environment while harnessing natural, 
inexhaustible resources such as wind and solar power. 

Therefore, all of the projects planned, and when building permits are ap- 
plied for, must demonstrate that the environment will not suffer any damage 
or harm from the installation, operation, and dismantling of the wind farm. 
This part of the permitting process is fairly rigorous and in the past (and pre- 
sent) has created a number of challenges that have not been easily dealt with, 
since the authorities in many cases have raised the bar for what should be 
achieved in this specific area. 

One example, of course, is that waste management is specified in great 
detail. The reason is very simple: We—society—do not want any pollution 
of the marine environment during or after installing the offshore wind farm. 
In addition, we want to know how to remove the wind farm after it has 
spent its productive life offshore. We wish to have a clear plan for the man- 
agement of the process from the beginning to the completion of the project. 
This is until now fairly unique for the wind industry offshore. 

The concept that we need to know where the wind farm is to go after 
decommissioning is both sensible and logical. When I buy a couch from 
IKEA, I may not have given a great deal of thought to how to get rid of 
the packaging—and there is a lot of cardboard to get rid of—but I have 
to deal with it after the couch is in my living room. Obviously, I can just 
throw it in the trash bin, but then I will have used up my available volume 
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for my garbage in general. I can burn it, but if you live in an apartment on the 
seventh floor, it’s not a great idea. So what does one do? 

Often you end up taking it to the recycling center, but recycling rules 
vary among states and countries. So you can see that even when it’s just pur- 
chasing furniture, the process raises questions. The argument that it is not 
really my problem doesn’t work, whether it’s a store or the manufacturer. 
The fact remains that the garbage is there, and we have to figure out a 
way to get rid of it. 

The same goes for the waste produced offshore. We can’t really store it 
on the blue shelf (drop it in the ocean) because this would inevitably create 
another problem, and solving one problem by creating another is not really 
practical. So what do we do? Most of the authorities that approve wind 
farms have solved this problem: They ask the developer to define a waste 
management plan and, in addition, a decommissioning plan for the entire 
wind farm. 

The decommissioning plan is fairly simple. It is the installation 
process in reverse, so to speak. But the stakeholders—contractors, 
decommissioning facilities, and so on—may not look the same in 20 years, 
so the plan is normally reasonably basic. However, this will be seen in real life 
roughly 9 years from now when the first offshore wind farms are scheduled 
to go offline. 

This is also interesting considering that market forecasts for installation of 
wind farms and that the inherent shortage of equipment is forecast to con- 
tinue over the next 10 years. It seems logical that the vessels that will decom- 
mission the wind farms will be the same ones that installed them to the extent 
that they are still around. 

As a parallel, the oil and gas industry is facing this problem, particularly 
in the North Sea, where some 800-plus installations are scheduled for commis- 
sioning—although it is not happening yet. One could argue that oil prices will 
dictate when it happens, so the problem remains largely unsolved. For offshore 
wind farms this is not the case, for the following reasons: 


¢ The fatigue life of structures is used up after 20 to 25 years, so revamping 
them is not an option. 

¢ The leases for sites generally run for 20 years; this could be renegotiated, 
but then the preceding point takes precedence again. 

¢ The possibility of putting larger nacelles and rotors on existing towers 
and foundations doesn’t work due to material strength—and fatigue life 
again. 
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So all in all, one should accept that the forecast is right, they must come 
down after 20 years. This does not mean, however, that they can’t be 
replaced. They can. But that just adds to the number of vessels, contractors, 
and general stakeholders in the industry. This is a fascinating positive upside 
in terms of jobs and opportunity. 


WASTE MANAGEMENT 


As with the decommissioning plan, the waste management plan is part of the 
scope of work (SOW) for the contractor—and the owner. But whereas the 
decommissioning plan is more a statement of intentions sometime in the fu- 
ture, the waste management plan has to be real and delivered prior to starting 
work both on- and offshore. 

The waste management plan basically describes the flow of materials 
to and from sites: who is responsible for cleaning up, informing others, col- 
lecting data, and so on. Figure 18.1 shows this process, which is necessary for 
the flawless monitoring and disposal of waste materials, whether they be liq- 
uid, gas, or solid. The plan gives an overview of all the main stakeholders in 
the project execution. It defines their role and what is expected to flow to 
them and what they deliver back on that basis. Thereby four types of actions 
can be derived: 


1. Information, which is basically telling the appropriate stakeholders what 
has happened. 

2. Data collection, which describes the action of counting and controlling 
all of the waste and its proper processing procedure. 

3. The flow of materials, demonstrated by the passing from one stakeholder 
to the next until finished on the offshore site—the same, of course, goes 
into the onshore part of the project. 

4. The flow of waste, demonstrating the route from the place of building 
the materials and the way back to the waste processing plant. 


In this way, all process and information flows have been covered, and the 
chance of materials lying around somewhere without a responsible owner is 
reduced. It is not gone because we have made a plan and are monitoring 
it. The waste produced must be collected—all of it—so it is important to 
develop and maintain systems to make this happen. 

This is effectively done by measuring the weight of the waste—the dif- 
ference between the component and the container it is delivered in (whether 
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cardboard, wood, or steel—it doesn’t matter), and this difference is the one 
that must be delivered to the waste processing plant and accounted for. For 
fluids it is also reasonably simple to log the number of liters, gallons, or tons 
delivered and the remainder to be delivered back to the receiving waste 
processing plant. It is, of course, more difficult for gases. 

The gases or fumes discharged into the air, whether on purpose or not, 
are normally assessed by estimate. You can, of course, calculate the NOx and 
SOx, the CO, emissions, and so on. But emissions’ measurements for 
unplanned hot work with a welding torch, or the test running of an engine 
in the offshore substation, is more difficult. 

Sometimes, for example, the turbines have to be installed without the 
power cable connection; it is not desirable, but it happens. If this is the case, 
a generator must be placed on the foundation in order for the turbine to be 
supplied with power. This is necessary because the turbine must be supplied 
with a slightly higher air pressure inside to keep moist, salty air out and 
thereby prevent corrosion of the materials inside the tower. Furthermore, 
lighting and some heating are needed to maintain the integrity of switch- 
boards and all the electronic hardware inside the turbine. If this cannot 
be delivered otherwise, the generator must be installed for an interim period 
until the cable connection is carried out. 

This is, however, an unplanned action with a number of waste manage- 
ment concerns, such as fuel consumption, refueling of the generator (this ac- 
tually requires a specific procedure since it falls under offshore pollution laws 
such as MARPOL), emissions from the generator, and bringing the generator 
out and back again when it is no longer needed. Further, emissions must be 
accounted for, and this is a bit more complicated since we do not exactly know 
how much fuel we put on and how muchis actually used during the period it is 
deployed. But we must certainly do our best to determine this. 

So we have developed the plan and we know how to measure it, and 
now we need to monitor and collect the data in a format that is acceptable 
to the receivers, in the end usually the authorities; the waste processing plant; 
the wind farm owner; and the personnel who are supposed to carry out the 
monitoring of the process. 

Aspecific template for this type of documentation should be developed, and 
this should be done to the standards of local authorities in the country where 
the waste ends up. The waste documentation can prove to be more complicated 
since, for example, the turbine and foundation components do not necessarily 
originate from the country where they are installed. A Spanish turbine can end 
up in the United Kingdom, and a German foundation can end up in Holland. 
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This, of course, raises some unique challenges in the documentation pro- 
cess since the amount of waste—say, packaging in Spain—ends up as waste 
in the United Kingdom. In neither of the countries is the amount in and out 
the same. How this is handled depends on the individual project, but it 
should be noted that this is a problem. 


POLLUTION ISSUES 


Offshore wind farm installation environmental issues are, however, more 
than just waste management. We wish to establish the offshore wind indus- 
try as one where we discharge nothing harmful into the surrounding envi- 
ronment. This goes for all aspects of the work carried out. We make sure that 
oil spills are not happening, and we take the MARPOL convention very 
seriously. We make sure that all components are fabricated in the most ef- 
fective and environmentally friendly way. But, in one instance, this seems 
not quite to be the case. When we construct the installation vessels, we tend 
to seek out the least expensive supplier possible, sometimes sacrificing the 
environmental respect that we hold high elsewhere. 

It should be clear that nothing is wrong with the work carried out in 
Third World countries; the workmanship is fine and adequate to the point 
where we can be satisfied. But in some cases, the HSE standards applied are 
not so spectacular. The issue is, of course, that when we solve the environ- 
mental problem in Europe by means of installing offshore—and onshore 
wind—in a safe, efficient, and environmentally friendly manner, we partic- 
ipate in an ongoing environmental disaster in the yards in Asia. Note, in 
Figure 18.2, the lack of any kind of pollution barrier to the ground. Also 
notice the very unsafe access ways—provided this can be called an access 
way. This is where the standards for HS and certainly E are much lower, 
if they exist at all. This cannot be right. 

What use are health and safety regulations in Europe if people risk their 
lives to build the jack-ups (see Figure 18.3) we use for the installation of off- 
shore wind farms? This, of course, saves money, but European clients should 
not accept this type of procedure to cut costs. If we want to hold the HSE 
banner high, we should do so all the way through. We cannot solve our 
problems by neglecting the same problems where we buy products and 
services. 

The result you gain from rigging the exorbitantly expensive rope in dirt 
and rain water is substandard. The risk of quickly damaging rope, drum, 
and sheaves is extremely high. Dragging the rope over a wet dirty concrete 
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Figure 18.2 Jack-up barge construction in Asia. 


Figure 18.3 This rigging of the A-frame crane for the European fleet of jack-up barges 
demonstrates that people are working without any regard for safety. 
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Figure 18.4 Although this is an inexpensive way to rig the crane, it contradicts every- 
thing the author has learned in more than 27 years of crane rigging and operation. 


yard will cause rust in the strings immediately and the rope on which the life 
of the crane operator and surrounding personnel depends is no longer cor- 
rectly functioning (see Figure 18.4). 

As an industry, it is vitally important that we apply the same rules and reg- 
ulations throughout the entire supply chain. Otherwise, we become exactly 
what we accuse less respected markets and suppliers of being. For example, are 
they wrecking the vessel in Figure 18.5 or building it? The photo of course 
begs the question as to whether the wind farm developer has done any sub- 
contractor evaluation in the yard. Probably not. Ifthis yard had been evaluated 
by a European developer, the contract would never have been signed. 

As the preceding figures show, the supply chain stops in Europe—for the 
moment. We would not be able to turn the clock back to the days when the 
construction sites looked like this in Europe, and therefore, the only way to 
prevent competing against manufacturers who have low HSE standards is to 
turn their clock forward and ask the same obligations of them. This is not 
unreasonable. At some point, pollution and lack of respect for the environ- 
ment and health and safety will come back to haunt us as will the inability to 
deliver a cleaner, safer place. 
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Figure 18.5 This photo shows the construction of a jack-up for the European wind 
industry. 


THE WORKING ENVIRONMENT 


This leads us to the next issue of environmental concern or care: Offshore 
work is a hazard to marine life and to the sea. As we said, the risk of 
discharging waste, fluids, or other materials in the water must be mitigated. 
For example, driving foundations creates earsplitting noise and plowing sub- 
sea cables disrupts the seabed. Therefore, authorities worldwide have 
developed regulations for both. 

Seabed disruption is not in itself desired, so the permit to dredge—which 
is what plowing cables involves—is scrutinized vigorously to make sure no 
more harm than necessary is done. You have to appreciate that the cables will 
be buried into the seabed using a plow that will dredge a 1- to 1.5-m 
deep trench into the seabed. This has serious effects to the benthic life on 
the site where the cables are buried. Therefore, utmost care must be taken 
to ensures that fish, and especially shellfish, are not harmed by suspended ma- 
terial in the water column. 

The method of cable burial is determined ahead of time in the design phase 
in order to address any concerns that may arise. Furthermore, to determine the 
short- and long-term effects of any dredging or plowing, test fishing is often 
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done in order to define the before and after situation for marine life. This, how- 
ever, also leads to discussion about what the marine environment is actually 
like in the proposed site area. 

A good example of this was a Danish offshore wind farm where marine 
biologists had to determine the fauna and to what extent the local fishermen 
were suffering losses—mainly because the dispute always arises that the pro- 
posed site is, per incident, the best fishing bank. This, of course, gives gro- 
unds for claims of damages to the industry—or, in this particular case, 
fishing. 

The local fishermen claimed that the fishing grounds were on the site. 
The biologists therefore test fished the area for quite a while and didn’t catch 
anything significant. On presenting the findings, the fishermen then clai- 
med that the biologists were using the wrong equipment. The biologists 
responded that they didn’t quite understand this argument since they had 
only used the equipment confiscated from the local fishermen. No claims 
were subsequently filed and no damages were awarded. 


PILING NOISE 


Piling noise is the final great challenge the industry must face. When a pile is 
driven—whether a monopile or an anchor pile—into the seabed, the normal 
procedure is to use a hydraulical hammer. This hammer pounds on the top 
of the pile with a force of 200 to 400 tons when it drops down on the pile. 
The vibration is transponded into the water column in the way that the pile 
vibrates due to the blow from the hammer. The noise intensity is above 200 
dB in some cases. For comparison, a jet plane is around 130 dB, and when- 
ever noise increases with a value of 3 dB, the noise level is doubled. This is 
because the scale for measuring noise is logarithmic. 

So what does that mean? Well, above 160 dB the noise can burst a marine 
mamumial’s eardrums. Higher noise levels can mean permanent injury to the 
mammals, and if they do not leave the area, they may suffer serious damage. 
Therefore, normally the procedure is to put pingers in the water prior to 
driving the piles. Pingers are specialized underwater noisemakers that send 
out a loud ping in order to deter the mammals from entering the area. This 
works well and, under normal circumstances, takes care of the problem. 

However, as a conscientious industry we must consider another prob- 
lem: The installation process of the offshore wind farm must not cause 
any changes in the behavior of the marine life in the area. Furthermore, 
it is logical that the mammals should not be physically harmed either, since 
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this would lead to a change in the local biotope as well. In theory we are 
talking about two different types of changes: changes in behavior and 
changes in typology; neither is acceptable. This has been agreed to all over 
the European Union, but only Germany has fully implemented rules for off- 
shore piling work. 

Unfortunately, the nature of installing an offshore wind farm is such that 
we almost certainly need to pile drive foundations regardless of where the 
site is located. Therefore, consider the following scenario. If installing 80 
tripod foundations, we must drive 240 anchor piles first. This is critical be- 
cause the duration of this process may cause marine mammals to leave the 
area for good. This is not the intention, and therefore the rules in Europe 
have been developed such that a noise level of 160 dB must not be exceeded 
when measuring the noise from driving 750 m away from the pile being 
installed. 

This is clear and simple. Put a hydrophone in the water 750 m away from 
the pile being driven and measure the noise. The peak levels of the hammering 
should not be more than 160 dB. The bad news is, of course, that water is not a 
good isolator for sound. On the contrary, sound moves well through water. 
Therefore, the question is how can we dampen the sound or completely iso- 
late the pile driving noise from the water column? 

To add insult to injury, sound travels into the water from pile driving in 
three ways. Figure 18.6 shows that the sound passes into the water via the air, 
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Figure 18.6 Sound leaving the pile upon hammering once with the force F on the top of 
the pile. 
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which is insignificant; the ground, which is significant since the noise 
intensity increases with the necessary force required to drive the pile once 
almost full penetration has been reached; and the water column, where 
the noise passes unfiltered through the pile wall. The noise levels can only 
really be adjusted when we focus on the part that passes through the water 
column. 

There are several effective methods of damping the sound level. The 
only problem is that the majority of methods today do not give the necessary 
amount of damping to get below the 160 dB. The damping you can achieve 
is in most cases between 5 and 15 dB. Even though this may sound like a 
little, it is actually a significant amount of damping, but it is not enough. 
Therefore a very focused effort to be able to reduce sound further is going 
on right now. 

Today four main routes of noise mitigation are followed to reduce the 
overall discomfort to marine life. One is a bubble curtain, which is basically a 
plastic tube—very large—that is perforated to allow pressurized air to flow 
into the water to create bubbles that will lower the noise level. This system 
has been tested on a number of occasions, and like all the concepts men- 
tioned here, it works. The remaining problem, however, is that it is difficult 
to make the bubble curtain effective enough to bring the noise down 
sufficiently. 

First of all, the bubbles expand as they rise to the surface; at some point 
they break up into two or more bubbles, and thereby the efficiency is re- 
duced. Second—and this is the worst part—the bubbles flow with the water 
current. This means that the bubbles start around the pile, but as they ascend 
to the surface, they drift away, sometimes exposing the pile to the water. 
Several methods have been suggested and tested to improve the overall ef- 
ficiency of the bubble curtain. 

The latest development is to make a large bubble curtain around the en- 
tire installation vessel and thereby make it more effective. However, the air 
pressure required to create the bubbles is immense and cumbersome to 
achieve. To lay out the tubes requires an extra vessel. Then you need to ap- 
ply enormous pressure to reach around the entire vessel and pile. Thus, the 
problem remains that you cannot reach the 160 dB level. 

So, in essence, the method is labor- and equipment-intensive; it is 
slow; and the air pressure needed for a long period of time requires a great 
deal of fuel to drive the compressors and, of course, adds to the overall 
pollution of the environment. Plus, what you wanted to do still hasn’t 
been achieved. 
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It should be mentioned that tests are ongoing at the moment to evaluate 
the actual efficiency of bubble curtain and several other methods of noise 
mitigation. Hydrosound dampers are another method of reducing noise off- 
shore while driving piles. Since we have established that the air bubbles will 
reduce the noise, it is tempting to look into why. The theory is fascinating: 
For every frequency there is an ideal bubble size that will negate—under 
optimum conditions—the frequency completely. Keeping in mind that 
the bubble will increase in size when surfacing, the hydrosound damper is 
therefore made of rubber balls that are placed in a net to keep them free float- 
ing and always in the same position. 

Deployment and maintenance of the system have not yet been tested, and 
in the real world there is no such thing as optimum conditions. Theoretically, 
though, the noise damping could be significant, and if combined with other 
methods, this could be an interesting way of achieving higher sound damping 
than what has been seen so far. The inventors of the system do, however, also 
accept that more research into the area is needed. 

Using double-insulated pipes around the pile is also currently being fully 
tested offshore. The idea is that a large tube fitted with an insulating system 
will dampen the sound. This is also the case, and with a bubble curtain con- 
tained inside, the combination is very good. Handling of the system, however, 
seems to be very difficult, so it is not yet considered an implementable system; 
therefore the first installation projects to use it are yet to come. 

The dewatered cofferdam is the most radical ofall. This system allows the 
pile to be contained in a tube and is quite similar to the double-insulated pipe 
system. But the cofferdam is watertight, and therefore the water is pumped 
out completely. Now this is, of course, more radical than the other systems, 
and the open air connection allows for one big bubble—the surrounding 
atmosphere—to dampen the noise. 

A more detailed description of it is presented in the following section. It 
should be noted that the cofferdam method is a patent that the author has 
obtained, so no evaluations or comparisons with other systems are made 
to avoid appearing biased. 


COFFERDAMS 


A cofferdam is an empty space created in the sea in order to be able to work 
in an air-filled environment. A cofferdam is therefore a box fitted to the 
seafloor, and under normal circumstances the water is pumped out and 
the seafloor is exposed to the open air. It is then possible to work without 
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Figure 18.7 A cofferdam created from sheet piling to recover a historic shipwreck. 


using breathing apparatus. The cofferdam type shown in Figure 18.7 is often 
seen at bridge and port construction sites, where the necessity to work on a 
dry seabed requires the water to be pumped away. 

In the case of driving monopiles, the cofferdam must be constructed out 
of a single tube. This is necessary to move it from one position to the next in 
a fast, efficient, and safe manner. The cofferdam must also be reusable during 
the entire project, and since the installation process of an offshore wind farm 
will be continuous for 80 or 100 monopiles or more, the process of moving, 
installing, and retrieving the cofferdam must be effective. Therefore, a sheet- 
piled cofferdam is not an option. The single large-diameter tube is the right 
choice. This is also the theory behind the pile in the previous pile system, but 
whereas the water stays inside the noise mitigation system, the cofferdam is 
pumped dry. 

The cofferdam in Figure 18.7 is, however, driven into the seabed. This is 
done to keep the water from penetrating through the seabed once pumped 
out. For short working times of 12 to 24 hours for the wind farm foundation 
installation, the sheet piling method is not possible because it would produce 
even more noise than driving the piles, it would take far too long, and 
retrieving the foundation would not be effective. 

Furthermore, the sound would partially pass through the seabed into the 
cofferdam and thereby out into the water column again. This is actually 
counterproductive. So, to solve this problem, the cofferdam must be a tu- 
bular design with a bottom lid through which the monopile is deployed into 
the seabed. The sealing at the bottom of the monopile is important. 
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Figure 18.8 Principal design of the cofferdam. 


When the water is pumped away from the cofferdam, the pressure on 
the seabed is 1 atmosphere, or 1 bar, but the surrounding water pressure at 
35 m is 3.5 bar. This difference would cause the surrounding water to 
press the seabed backward up the cofferdam. If this happens, the ground 
would literally explode upward and ruin the top part of the seabed. The 
consequence of this is that the pile will have to be driven even farther into 
the ground to achieve the sleeve friction needed to be firm enough for the 
turbine to stand on it. Therefore the bottom lid has been developed 
(Figure 18.8). 

The gap between the monopile and the bottom lid is sealed off with a 
diaphragm type of seal, which will allow the pile to pass through during 
the driving operation, but prevent the water from entering the cofferdam. 
This is shown in Figure 18.9. The bottom diaphragm seal is known from 
vacuum cleaner bags and diving suits where a flexible but tight-fitting seal 
is required. This is necessary because the sound will travel unhindered 
through a solid seal and thus the sound mitigation effort would be in vain. 
The diaphragm seal is shown in principle in Figure 18.10. 

Finally, the cofferdam is designed as a telescopic body (Figure 18.11), 
which means it can be deployed at both shallow and deep positions without 
having to change the length of the tube. The cofferdam is simply extended 
or retracted to fit the distance between the installation vessel and the seabed, 
regardless of depth—until maximum extension, of course. 
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Figure 18.9 Sealing of the pile and cofferdam. 


Figure 18.10 Diaphragm seal seen from above. 


In this way, the method becomes feasible to use in any water depth as 
long as it is within the boundaries of the cofferdam’s length. This is 
unique compared to other systems, although in all fairness it should be 
noted that a bubble curtain or hydrosound dampers can be deployed in 
several levels of water depth. 


Proposed Method of Installing Cofferdam Foundations 


So what is the actual method of deploying the cofferdam? Well, the idea is to 
make the system cost-effective and fast to use. This should be the number 
one feature of any system deployed—it should be cost-effective and not slow 
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Figure 18.11 The cofferdam shown being extended toward the seabed. 


down the process of installing a monopile or an anchor pile. When installing 
monopiles, they must be used as either: 


1. Monopile foundations, where the monopile itselfis large diameter and forms 
the foundation. This is, until now, the most common way to deploy piles. 

2. Anchor piles, which are smaller diameter (2—2.5 m), and are used to an- 
chor the tripod or jacket foundation to the seabed. 


Installing Monopiles Using a Cofferdam 


The first instance where the monopile is the entire foundation is when the pile 
is high and wide but the distance to the installation vessel is short. In this case, 
the monopile is loaded into the cofferdam on deck—horizontally—and tilted 
over a cantilever to the upright position. The method is known from the MPI 
vessel Resolution, where an upending tool is placed on the stern of the vessel. 

This tool makes it possible to tilt a much heavier pile than the crane can lift 
over the stern. This is a good method of deploying piles—whether monopiles, 
or in the other case, the anchor piles. Regardless, the system is developed in 
order to both upend the pile and handle it when moving it across the weather 
deck of the installation vessel. This is demonstrated in Figure 18.12. 


294 Offshore Wind 


Figure 18.12 Monopile loaded into the cofferdam. 


Once the pile is loaded into the cofferdam, it is upended and positioned 
over the stern of the installation vessel. Then the cofferdam, including the 
pile, is lowered to the seabed, where the pile is stabbed and checked to be 
sure that it is straight vertically. Just the fact that the cofferdam is holding the 
pile in the upright position and pinning it to the seabed pretty much tells you 
it is straight. Furthermore, the cofferdam can hold and adjust the pile using 
very small movements, so the adjustment process to get the pile vertical will 
be quick and simple, which is the main focus. 

In Figure 18.13 note how the cofferdam is empty when the pile is stabbed 
into the water. This is because the pile is fitted through the diaphragm seal on 
deck before upending it. This means that no water is in the cofferdam when 
lowering it to the seabed (the pile is, of course, still filled with water as it is 
opened). The end effect is that the process of lowering the pile is not extended 
because water has to be pumped out, or a bubble curtain has to be established. 

Once the pile is stabbed, the hammer can be fitted and the piling can 
commence. It is important to notice that the cofferdam, with the pile, is 
empty when it is deployed due to the seal between the pile and the bottom 
lid of the cofferdam. Therefore, only the water that enters during the piling 
operation will be pumped out by three submersible pumps fitted perma- 
nently to the cofferdam. In this way, the procedure is not delayed by having 
to empty the cofferdam prior to pile driving. 
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Figure 18.13 The cofferdam is telescoped down to the seabed, and the pile is stabbed. 


So all in all the method for installing a monopile should not be an added 
feature that will lengthen the installation process but a feature that, in the 
end, will help with the installation from another point of view—namely, 
efficiency. 


Installing Anchor Piles Using a Cofferdam 


The second method is to drive three or four anchor piles to secure the tripod 
(three piles) or jacket (four piles) to the seabed as just described. In this in- 
stance, the actual method is the same. Piles are fed into the cofferdam, and 
then upended and positioned. However, the positioning is slightly different, 
of course, because the geometry of the tripod is triangular at the base, and the 
jacket is square. This creates a unique problem. 

The tripod and jacket geometries are specific. We cannot accept that 
the anchor piles are slightly out of position. If one anchor pile is out of its 
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geometrically correct position, the jacket or tripod cannot be installed. This 
makes it necessary to have the cofferdam adjusted precisely for each pile. 

The cofferdam also requires traveling at much larger distances to reach 
the appropriate positions. The cofferdam must be able to cover a geometrical 
figure of 25 x 25 m area in order to place the piles. Therefore, the smaller 
cofferdam has to be able to accommodate the geometry, and therefore it 
must be able to swing to meet the correct positions of the anchor piles, as 
shown in Figure 18.14. 

As can be appreciated, the cofferdam must be able to move in and out 
according to the geometry of the foundation. Thus, the jacket will require 
four positions to be reached. Furthermore, it is understood that the side 
length can be substantial, and therefore the construction of the cofferdam 
and the arm on which it sits must be very large. However, the pile diameter 
is smaller, so the weights in general can be kept reasonably low. 

Once the pile is fitted to its final position, the cofferdam can be retrieved 
again using the winching device by which it is lowered to the seabed; this is a 
significant feature. It is, of course, logical that the cofferdam must be able to 
release the pile—whether anchor pile or monopile—completely. 

If this is not the case or if the crew misjudges the required jacking height, 
the cofferdam will not be able to release the pile. In this case the jack-up will 


Position 3 


Installation 
vessel 


Position 2 


Position 1 


Figure 18.14 The various positions of the cofferdam when driving the three anchor 
piles for a tripod-type foundation. 
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Seabed 


Figure 18.15 The cofferdam is retrieved after the pile has been driven to the correct 
position and depth. 


be stuck in position, and this is, of course, not desirable. Therefore, an ad- 
justment feature must be added where the cofferdam will travel above the 
baseline of the vessel to always be able to release the pile. In this way, the 
cofferdam can be removed easily and quickly in order to move the installa- 
tion vessel swiftly to the next position (Figure 18.15). 

As can be seen, the cofferdam is a viable solution that can be deployed for 
both monopiles and anchor piles. But in all fairness, it is a concept that has to 
be proven, the same as the other concepts discussed in this chapter. 

Hopefully, what’s here will encourage you to use your imagination to 
form opinions about the subject and to study the area in depth. The problem 
is relevant and present today, and if no solution is found, the industry will 
have an issue that will prevail for a long time and put restraints on the in- 
stallation of driven piles offshore. This is, of course, not ideal for an industry 
that wishes to be seen as both a growth area and a forerunner in the envi- 
ronmental preservation area. 
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Offshore turbine installation. Although we frequently talk about WOW downtime, from 
time to time we enjoy nice weather conditions. 


A jack-up barge in port receiving supplies by means of an onshore mobile crane. 


CONCLUSIONS ABOUT O&M TRANSPORT 
SYSTEMS 


The task of designing an operation and maintenance (O&M) system that will 
deliver the highest possible availability of offshore wind turbines is difficult. 
This is mainly because the object of the matter is to join together two dif- 
ferent interests into one solution. The desire is to have the wind turbines 
always running and most particularly when the wind is blowing to the max- 
imum mean speed on the site. But, contrary to onshore wind turbines, the 
possibility of reaching the turbine during bad weather rapidly decreases. 
Therefore, the consequences of an unplanned production stoppage are dif- 
ficult to handle, simply because the turbine is inaccessible when access is 
needed the most. 


VESSELS 


The solution to this catch is to design the transport and transfer system in a 
manner that will make accessibility as high as possible. This can be done by 
combining different systems. The vessel will be one half, if not more, of the 
solution, but the size of the vessel in question does not fit the modeling soft- 
ware available today. Thus, there are only two ways to determine the capac- 
ity of the vessel: 


1. A scale model test, which is costly 
2. Full-scale, experience-based knowledge of the vessel’s behavior, which 
is what is available today 


Therefore, the only valid way to determine the best vessel for the purpose is 
to look at the experiences so far with the different types. 

It is the opinion of most in the field that the best vessels have been the 
monohull type because they have benign movements in all weather condi- 
tions. However, the vessel must be larger than the 15 to 20 m that is the 
standard size for crew vessels. This makes the market very small because 
30- and 60-m vessels are almost extinct as a result of poor economical via- 
bility under normal circumstances. In addition, the offshore supply-type ves- 
sels that are the right size are far more expensive to own and operate because 
of the propulsion and positioning systems they have. 
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The SWATH types are also very benign but only in longitudinal wave 
headings. But the effect of passing waves has been dramatically reduced due 
to the specific design in the water plane area. Therefore, the vessel will per- 
form well when a good transfer system is fitted to it. Furthermore, using the 
SWATH design is only possible when the vessel exceeds the 20-m length, 
which speaks in favor of this type over the catamaran. So it is best to consider 
the following two types: 


¢ A large monohull cargo vessel for conversion, as discussed earlier. Again, 
it should be fitted with a good transfer system in order for the crew to pass 
safely in poor weather conditions. 

¢ Anew build SWATH-type vessel that has benign movements in bad seas 
except when transverse to the hull, where the capabilities are reduced. 
Again, it should be fitted with a transfer system that allows the crew to pass 
safely in poor weather conditions. 


TRANSFER SYSTEMS 


The difficulty with the transfer systems is first and foremost that they are 
designed to counteract wave motion. The problem (in our opinion), how- 
ever, is more complex because wave motion is induced to the vessel, and 
thereby forces and bending moments are increased dramatically. Plus, wave 
motions are not confined to the transfer system but mainly to the vessel. 

It is extremely important that the transfer system doesn’t fail when a wave 
moves the vessel 2 m or more in as many seconds. The only two systems the 
author has reviewed, and that are currently available, that will counteract this 
effect are: 


1. The boat landing, wherein the vessel will keep a forward thrust larger 
than the wave and current effect. 

2. The Browing system, which is designed to react to wave motion and is 
not physically attached to the foundation and thereby does not suffer 
damage by loss of contact. Furthermore, the Browing system is designed 
to cope with the possible event of loss of contact with the foundation, 
which is a major safety advantage. 


Finally, it is reasonable to state that so far no human lives have been lost as 
a result of the use of them. The other transfer systems mentioned in this book 
are either prototypes or are necessary to install on each foundation, or both. 
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The number of units is unappealing, of course, to an owner, and the proto- 
types have not yet proved to be workable. Therefore, wind farm owners 
should not put themselves in a position where they must choose between 
untested solutions and those that are certainly not solutions that need to 
be installed and maintained in large numbers. 


RECOMMENDATIONS 


In lieu of the findings I made during the writing of this book, these are some 
recommendations for an O&M transport system. They should not, however, 
to be regarded as the only possible solution to the problems encountered 
during offshore wind farm deployment. In addition, the recommendations 
here do not take into account that new systems are currently under develop- 
ment and systems, such as the Ampelmann and the Offshore Access System, are 
being used today in more and more projects. Therefore they can be regarded as 
viable solutions for safe transfer to the turbines. 

The systems, however, come at a price; that is, the transfer vessel can no 
longer be just a small runabout that would be used in the more near-shore 
projects. For Round 3 projects in the United Kingdom and the far offshore 
projects in Germany, crew vessels must be of a substantially larger type than 
the small catamarans and monohulls used so far. Thus, the size of the access 
system can increase and generally this may make bigger, heavier systems 
more attractive. 

I suggest that the wind farm owner pursue the option of entering into a 
framework agreement with a supplier of the following equipment: 


* A monohull vessel of a length that is more than 30 m, fitted with a 
Browing system 
* A SWATH-type new build fitted with a Browing system 


The recommendation is that the owner enter into a relationship with a 
supplier because my belief is that the economics of scale are relevant. 
The possibility for the wind farm owner to attain reasonable financial 
viability based on one vessel is minimal. 

The supplier should be one with a number of vessels under its manage- 
ment. Only in this manner will OPEX cost be optimal. Crew administration 
costs, insurance, and vessel running costs will be divided among more vessels 
and thereby be as low as possible for the client. 
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There are several possible suppliers for this setup. We suggest that the 
wind farm owner issue a tender for design, build (conversion), own, and 
operation of a service vessel in connection with the tender for installation 
of the wind farm. In this way, the time for the build and/or conversion 
of the service vessel will be adequate, and the owner will not be subjected 
to excess financial exposure. 

When suggesting a monohull, it is because the vessel has benign move- 
ments in bad seas all around. Furthermore, a vessel of this size will have a 
mass inertia high enough to remain stable in front of the turbine foundation 
in poor weather, and this is a crucial help to the transfer system. 

When also suggesting a SWATH vessel, it is because this is the second 
best type to operate in poor weather conditions. Furthermore, the Browing 
system has been mounted on a SWATH for the British navy, and the com- 
bination has a good track record. When suggesting the Browing system, it 
is because it has been operational for more than a decade in the British 
navy. 

It is, however, crucial that the system be recalculated and reinforced to 
cope with the larger forces and bending moments experienced when dock- 
ing next to a fixed structure offshore. But when this has been carried out, it is 
in my opinion that it is the most flexible and advanced system of the six men- 
tioned in this book. 
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A wind farm standing idle is not only serene, but also a scaring sight. This means that 
either the wind is not blowing, or the turbines need immediate attention. 


Sundown at Horns Rev. Beautiful weather during the installation was part of the 
program. A great photo opportunity but not good for business. 


FINAL THOUGHTS 


The industry is clearly still in its infancy. With 12 years of commercial instal- 
lation of offshore wind farms behind us, we are still far from having a set of 
established standards and procedures, but the work continues—on all levels. 
The HSE professionals are trying their best to detect all the potential and latent 
dangers that personnel working offshore, as well as onshore, could possibly 
encounter. The devoted effort to make the industry safe and reliable—as re- 
liable as wind energy itself—is of paramount importance to everyone. 

The vessel designers and operators are looking into a very hazy crystal 
ball to determine what the ideal installation vessel should look like, and their 
efforts are not in vain. However, they must see a healthy market with some 
clear benchmarks for what vessels must be able to deliver to design and build 
the necessary ones for the installation, operation, and maintenance of off- 
shore wind farms. 

So far, there are as many solutions as there are designers, operators, ideas, 
and concepts in the market. The turbine manufacturers are forthcoming in 
the way they are open to any good ideas that may be presented to them. But 
the willingness to listen to ideas may be counterproductive because it can 
sometimes make things go off course and detract from the main point: 
installing turbines offshore. 

Therefore, the industry needs to mature enough to set a framework—or 
a standard—for how a wind farm is to be installed. In this way the designers, 
the project managers, the owners, the operators, and the turbine and foun- 
dation suppliers can all define what they want, and operators can then build 
it. If not, we will battle for years over which of the following to do: 


* A complete turbine should be preassembled, transported, and installed 
because this is optimum. 

* A preassembled turbine and foundation should be transported and 
installed. 

* The foundation’s and the turbine’s transport and installation should be 
completely separate. 


The author believes in the last choice, but the reader must form his or her 
own opinion to validate what will work for a particular situation. It would be 
a pleasure to engage in a discussion on the subject with those people who 
have given this entire topic some thorough consideration. 
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long crested waves, 212 
maximum water depth, 214 
maximum wave peak period, 
211212 
needed visibility, 213 
significant wave height, 211 
type of seabed, 214 
wind velocity, 212-213 
Jack-up barges 
construction, 283f 
deck area, 200 
installation crane, 200 
rigging, 283f 
self-positioning, 186-187 
size, 186 
strategy, 186-187 
tug-assisted, 186-187 
Jack-up vessels, 186 
Jack-ups, 69-71 
construction, 285f 


load determination, 87 
number needed for installation, 
200-201 
scour and, 178-184 
seabed erosion behind, 178 
J-tube, 161 


L 

Ladders, 230 

Leases, offshore in the United 
Kingdom, 19 

Length, vessel, 195, 265 

Lifeboats, 241-245, 245b 
characteristics comparison, 246t 
features, 245 
illustrated, 245f 
usage, 241 

Lifting 
maximum capacity, 207-208 
methods/procedures, 173 
offboard, 178 
offshore, 177 
radius, 208 
speed, 203 
speed, in jacking up/down, 213 
of turbines, 208-209 

Lifting system, 202—205 
carrying capacity, 203-204 
hydraulic, 202, 203 
leg pressure, 204 


maximum penetration depth, 205 


number of legs, 204 
pressure on seabed, 204 
rack and pinion, 202, 203 
spudcan, 204—205 
type of, 202 
see also Vessel information 
Loading 
capacity, crew vessels, 268 
capacity, transport vessels, 
198-200 
foundations, 171 
Loading piers, layout, 89f 
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Loads, placement of, 198 
Lockheed Martin Browing system 
elements of, 249 
features, 252t 
with SWATH vessel, 289 
Logistics, 151 
solutions, 151-155 
Logistics setup, 38-42 
do it yourself (DIY), 40 
EPIC contracting, 40-42 
form of contract, 38-39 
project options, 38-42 
strategy types, 38 
Lost time incidents (LTT), 30 


M 
MAFI trailers, 222 
Maintenance, 225-228 
repair, 225 
by service department, 225 
see also Operations and maintenance 
Marine Spatial Planning (MSP), 12 
Marine warranty surveyor, 96 
Massachusetts Ocean Management 
Plan, 13 
Matrix organization, 73, 74, 74f 
Maximum deck area, 199-200 
Maximum water depth, in jacking 
up/down, 214 
Maximum wave peak period 
in jacking up/down, 211-212 
transit mode, 209 
Methods 
auditing and correcting, 138 
determining, 78 
prior to startup, 56-57 
Metocean conditions 
in project planning, 28 
turbine installation and, 82 
wind turbines and, 29 
Milestones, project execution plan, 36 
Minerals Management Service 
(MMS), 10 


Mobilization/demobilization costs, 
197-198 
Monitoring 
environmental, 31—32 
in HSE document structure, 137 
program, 101 
project execution activities, 101 
Monohull vessels, 239-240, 241b 
advantages, 239 
availability of, 240 
booms, 242f 
characteristics comparison, 246t 
crew accommodations, 242f 
illustrated, 241f 
see also Transport vessels 
Monopiles, 3, 4f, 159-161 
defined, 159 
driving, cofferdam and, 290 
driving of, 161 
illustrated, 162f 
installation, 160 
installation vessels, 161 
installation with cofferdam, 
293-295 
loaded into cofferdam, 294f 
pile driving process, 160 
reasons for using, 159-160 
seabed preparations and, 161 
seafastening of, 159f 
stabbed, 294, 295f 
suitable sites for, 165 
transition piece, 160-161 
on transport barge, 159-160, 159f 
upending illustration, 167f 
usage, 159, 161 
Multicontracting, interface 
management, 116 


N 

Nacelles, 1 
illustrated, 2f 
installation of, 207 
weight capacity, 208 
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National Environmental Policy Act 
(NEPA) 
BOEMRE and, 16 
process, 14-15 
requirement, 14 
review scope, 14-15 

National Historic Preservation Act 
(NHPA), 15 

Negotiating terms, 53-54 

NEPA. See National Environmental 
Policy Act 


O 
O&M. See Operations and maintenance 
Ocean Policy Task Force, 12 
Offshore Access System (OAS), 250 
features, 252t 
illustrated, 251f 
see also Transfer systems 
Offshore access systems, 229-231 
Offshore foundations. See Foundations 
Offshore installation, interface matrix, 
110¢ 
Offshore planning, 11-13 
federal, 12 
RFPs, 14-16 
state, 12-13 
in the United Kingdom, 18-19 
Offshore site preparations/progress, 
98-101 
area markings, 98 
CPT, 99 
core drillings, 99-101 
seabed scan, 94 
seabed survey, 98-99 
see also Project startup 
Offshore wind farms, 1 
illustrated, 2f 
permits, 9-26 
repairing, 273-276 
Offshore wind installation 
company, 45 
human resources for, 45—49 
information sharing, 46 


problems, addressing, 46 
see also Foundation installation; 
Turbine installation 
Offshore wind markets, 23—24 
Offshore wind potential, 10-11 
in Germany, 21—22 
in the United Kingdom, 17-18 
Offshore Wind Standing Committee, 
in Germany, 23 
Onshore storage, interface matrix, 110f 
Onshore wind resources, 10 
Open deck, 201-202 
Operation manual, 94 
Operational expenses (OPEX), 255 
costs, 255, 259 
Operations and bookings 
crew vessels, 268-269 
transport vessels, 196-198 
Operations and maintenance (O&M) 
cost, 229 
optimum system, 257 
ports, 225-228 
system planning, 229 
Operations and maintenance bases 
distances to harbors, 238f 
optimum place, 238 
in personnel transport, 237-238 
Operations center, 145 
contacting quickly, 147 
functions, 145 
procedures, 145 
in work vessel coordination, 145-146 
Organization chart, 52f 
Organizations, 51—71 
CEO, 51 
HSE as line function, 51 
HSE department, 57-62 
planning, 55-57 
PM department, 62-66 
QA as line function, 51 
QA department, 57-62 
sales, 52-55 
service department, 66—67 
technical management, 67—71 
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Outer continental shelf (OCS), 9, 10 
permits for, 10-11 
permitting process, 16 
permitting time, 11 
permitting agencies, 10-11 


P 
Payload 
crane, 208-209 
G-forces transmitted to, 210-211 
maximum, 198-199 
Payments 
interface 1, 122 
interface 2, 124 
interface 3, 125 
interface 4, 128 
interface 5, 129 
Penetration 
maximum depth, 205 
spudcan, 205 
Performance, propulsion system, 206 
Permits, 10-11 
areas, 9 
final, 33 
Great Lakes, 10, 11 
obtaining, 9-26 
and OCS, 9 
state waters, 9, 11 
USS. regulatory process, 9-17 
Permitting 
federal, 14-15, 16 
in Germany, 22—23 
HSE conditions, 29-32 
in project execution plan, 36 
state waters, 16-17 
in the United Kingdom, 20-21 
Personnel 
skills requirement, 62 
training, 62 
Personnel transfer and accommodations 
offshore 
catamarans, 261f 
crew vessels, 269-272 
transport vessels, 215—216 


Piers, 86—87 
layout for offshore project, 89f 
unloading/preassembly, 86 
Pile driving process, 170 
Piling noise, 286-289 
bubble curtain, 288 
challenge, 286 
cofferdams, 289-298 
damping, 288 
double-insulated pipes, 289 
hydraulic hammer, 286 
levels, 286 
marine life behavior and, 286-287 
measurement levels, 287 
movement through water, 287—288 
noise mitigation routes, 288 
sound leaving pile, 287f 
system deployment and maintenance, 
289 
tests, 289 
Planning department 
documentation, 56 
due diligence on methods, 56-57 
equipment design, 55 
facilities, 56 
project process, 56 
see also Organizations 
Plowing cables, 285 
PM department 
clarification, 63 
design/methodology inheritance, 
63-64 
documentation, 65-66 
equipment/services implementation, 
63-64 
project due diligence, 62-63 
in project execution, 66 
QA/HSE departments coordination, 
66 
responsibility, 66 
scope of work delivery, 63 
site setup/management, 64—65 
sub supplier contracting, 63 
tasks, 62 
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PM department (Continued) 
turbine load out/installation, 65 
see also Organizations; Project 

management (PM) 

Pollution 
issues, 282-284 
piling noise, 286-289 
rules and regulations and, 284 
society and, 277 

Ports 
area reservation and, 152 
area type and, 153 
deep-water pier areas, 223 
function of, 221 
hard seabed surface, 214, 223 
ideal, characteristics of, 221—222 
ideal, size and layout, 223-224 
ideal storage area size, 223-224 
impact on projects, 222—224 
information on, 221—228 
loading and storage illustration, 153f 
operations and maintenance, 225-228 
project, performance of, 221—222 
seabed in, 87-91 
staging, 86 
staging area, 153-155 
storage area, 223-224 
transport to/from, 222 
unloading, 86 
vessels and, 224 
wind turbine manufacture in, 222 

Preassembly 
interface matrix, 110t 
in vessel information, 200-201 

Products 
contracting, 75—76 
specification, 54 

Progress line, 104 

Project criteria, 229-236 
currents, 233-236 
offshore access systems, 229-231 
waves, 231-232 
wind, 232-233 


Project execution, 93-107 
activity monitoring, 101 
auditing, 93-96 
first logistical challenge, 152 
management setup, 102-107 
startup according to sequence, 

96-101 

Project execution plans, 33 
BOP, 34 
building program, 34 
components transport and 

installation, 36 
construction site setup, 36 
document importance, 33 
example, 34, 35 
financing, 36 
main tasks, 36 
map, 33 
milestones, 36 
permitting, 36 
process length, 35-36 
production start, 36 
scope of, 33 
task flow, 33 
tender process, 36 

Project management (PM) 
chain of command, 104 
complexity, 103-104 
coordination, 104 
importance, 62 
organization, 102, 102f 
setup, 102-107 
span of command, 104 
vessel traffic control, 65 
wind farm owner point of view, 

103f 
see also PM department 

Project parameters, 73-75 
matrix organization, 73, 74, 74f 
team-based organization, 

74-75, 74f 

Project planning, 27—49 

characteristics of, 27 
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documentation, preparing, 54 
element of, 27 
execution plan, 32-36 
human resources, 45—49 
metocean conditions, 28 
organization, 28-29 
quality assurance/quality control 
requirements, 44—45 
seabed conditions, 28—29 
strategy, outlining, 27-32 
tender and contract strategy, 
42-44 
turbine, 29 
in the United Kingdom, 18-19 
Project preparation, 73-91 
BOP definition, 79-80 
HSE plans/procedures development, 
76-77 
methods and equipment 
determination, 78 
parameter definition, 73-75 
products/services contracts, 75—76 
QA/QC plans/procedures 
development, 77—78 
suppliers/contractors plans and 
procedures, 84-85 
time schedule, 80-84 
Project startup 
according to sequence, 96-101 
loading of initial components, 97 
shore-based preparations/progress, 
97-98 
site preparations and progress, 98-101 
Project strategy 
decision, 27 
outlining, 27-32 
Project team-based organization 
illustrated, 74f 
project parameter definition, 74—75 
Projects 
due diligence, 62-63 
identifying, 52 
internal rate of return, 35 


not winning, 53 
options, 39—40 
port impact on, 222-224 
process, planning, 56 
tendering, 52-53 
Project-specific method statement, 
94-95 
Propulsion system, 205-206 
dynamic positioning, 206 
performance, 206 
service speed, 206-207 
specifications, 206 
see also Vessel information 
Punch-through, 100-101, 100f 


Q 
QA department, 57-62 
interfaces definition, 58 
PM coordination of, 66 
role, 57-58 
supplier assessments, 61 
training personnel, 62 
working procedures, 61 
QA/QC plans 
detail, 78 
developing, 77—78 
interface documents, 77—78 
as part of tender, 77 
Quality assurance (QA), 44 
process, 44 
requirements, 44—45 
as sanity check, 45 
Quality control (QC), 44 
as physical act of checking, 45 
process, 44 
requirements, 44-45 


R 
Rack-and-pinion system, 202, 203 
Radius, lifting, 208 
Recycling, 278 
Repair, 273-276 
components, 225 
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Repair (Continued) 
parts, 274 
preparation for, 274-276 
turbines, 273 
vessels, 274 
Reporting, in HSE document structure, 
137 
Request for Proposals (RFPs) 
project winning, 14-16 
state issuance of, 14 
Rhode Island Special Area Management 
Plan (SAMP), 13 
Risk 
contract, 43 
EPIC contractor, 41 
passing to contractor, 43 
wind farm owners, 43 
working instructions and, 95f 
Risk assessment, 60 
HSE department, 60 
solutions based on, 60 
Rivers and Harbors Act, 15 
Rotors, 1 
illustrated, 2f 


S 
Safety 
access systems, 230 
currents, 234—236 
handbook, 77 
in turbine accessibility, 259 
Sales 
contract preparation, 53 
documentation preparation, 54 
interfaces specification, 54-55 
products/services specification, 54 
project identification, 52 
project tendering, 52-53 
sub supplier hiring, 54 
terms negotiation, 53-54 
see also Organizations 
SAP. See Site Assessment Plan 
Scope of supply (SOP), 75 
Scour, 178 


jack-up and, 178-184 
mitigating effect on vessel, 178-184 
Seabed conditions 
ports, 223 
in project planning, 28-29 
Seabed disruption, 285 
Seabed preparations 
gravity-based foundations, 158 
monopiles and, 161 
Seabed scan, 99 
Seabed type, 214 
Seafastening, 209 
Security, construction site, 85-86 
Self-positioning jack-up barges, 
186-187 
Self-propelled jack-up vessels, 186 
availability of, 191 
benefits of, 191 
speeds, 188 
Selstair, 250, 252t 
Service department, 66—67 
dedication to, 66—67 
hotel vessels, 67 
Service speed, vessel, 206-207 
Service vessel industry, 260 
Services 
contracting, 75-76 
implementing, 63-64 
specification, 54 
technical management, 67 
Shared access to equipment, 
256-259 
advantages, 256 
cost model, 259 
with helicopters, 257—259 
maintenance and repair, 256 
O&M system, 257 
safety, 259 
Ship owners, 194 
Shore-based preparations/progress, 
97-98 
Site Assessment Plan (SAP), 16 
Sites 
accessing, 65 
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managing, 64-65 
setting up, 64-65 
Small Waterplane Area Twin Hull. 
See SWATH vessels 
SPMT (self-propelled modular 
transport) trailers, 222 
Spudcan, 204-205 
seabed penetration, 205 
Staging area, 153-155 
layout, 157 
Staging ports, 64 
size, 64 
volume of components, 64 
Stakeholders, outreach to, 17 
Start of production, 36, 37-42 
dates, 37 
documentation, 37 
initiation, 37 
JIT manufacturing principle, 38 
length of, 37 
logistics setup, 38-42 
time for, 37 
see also Project execution plans 
State, regional, and local permitting, 
16-17 
State planning, 12-13 
Ecosystems Baseline Study, 13 
Massachusetts Ocean Management 
Plan, 13 
Rhode Island Special Area 
Management Plan (SAMP), 13 
roles, 12 
see also Offshore planning 
State waters, 9 
permits for, 11 
Strategic environmental assessments 
(SEAs), EU requirements, 18-19 
Sub suppliers 
contracting, 63 
hiring, 54 
Suppliers 
assessments, 61 
auditing, 83-84 
plans and procedures for, 84—85 


Supply chain, 284 
Support for wind farms, in the United 
Kingdom, 21 
Surveillance 
by coordination center, 147 
organization of surveillance, 
147-149 
Surveys 
general condition, 96 
seabed, 98-99 
SWATH vessels, 240, 2446 
advantages, 240 
characteristics comparison, 246 
illustrated, 244f 
Lockheed Martin Browing system, 
249 
suppliers, 240 
see also Transport vessels 
Swells, 231 
cause of, 233 
large, impact of, 232 
see also Waves 


T 
Technical management, 
67-71 
outsourcing, 67 
services, 67 
Telescopic cranes, 207 
Tendering projects, 52-53 
marginal, 52-53 
in project execution plan, 36 
strategy, 42 
Terms, negotiating, 53-54 
Time schedule 
in activity monitoring, 101 
creating, 80-84 
equipment choice, 80 
illustrated, 83f 
supplier auditing, 83-84 
turbine type, 81-83 
see also Project preparation 
Towers, 1 
illustrated, 2f 
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Traffic 
control, 146-147 
coordination, 146 
policy, 146 
rules, building area, 146 
Transfer systems, 245-254 
Ampelmann, 250-254 
available, 245-254 
boat landing, 250 
comparison of features, 252f 
crane solutions, 249 
equipment size, 248 
fitting of, 248 
importance of, 245 
Lockheed Martin Browing system, 
249 
Offshore Access System, 250 
prices, 248 
requirements, 239, 248-249 
Selstair, 250 
solution assessment, 245 
Transit mode, 209-211 
Transit speed, crew vessels, 266 
Transit velocity, 210 
Transport 
choosing, 169 
considerations, 170-184 
crane vessel, 168, 169 
foundation, 171 
with installation vessel, 168 
for installing of foundations, 
168-170 
jackets, 167-168 
to/from ports, 222 
tripods, 167-168 
tugboat/barge combination, 
170, 171 
wind turbines, 237—254 
Transport vessels 
catamarans, 240, 243b 
characteristics comparison, 246t 
lifeboats, 241-245, 245b 
monohull, 239-240, 241b 


physical challenges, 239 
requirements, 239 
SWATH, 240, 244b 
testing, 239 
types of, 239-245 
Tripods, 4-5, 164-165 
anchor piles, 4-5 
cofferdams and, 295-296 
defined, 4-5, 164-165 
disadvantage, 5 
illustrated, 5f, 165f, 166f 
loading onto barge, 175 
pile sleeve on, 165f 
securing with anchor piles, 295 
transport, 167-168 
Tug-assisted jack-up barges, 
186-187 
Tugboats 
loosing grip/power, 177 
requirements, 189 
Turbine installation, 81-83 
distance and navigation time, 
82-83 
envelope per year, 201—202 
onsite metocean conditions, 82 
speed, 200-201 
time, 81 
weather window, 81-82 
see also Time schedule; Wind turbines 
Turbine-induced frequencies, 3 
Turbines. See Wind turbines 


U 

UK Renewable Energy Roadmap, 21 

Unloading, delivery and preparation 
for, 152 

U.S. Coast Guard (USCG), 16 

USS. regulatory process, 9-17 


V 
Vessel Assessment Sheet, 193f 
Vessel information 

access to wind turbine, 215-216 
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basic, 192-196 in case of emergencies, 144 
beam, 195 POB tracking system, 144 
carrying capacity, 203 rules and regulations, 145 
charter costs, 196-197 surveillance equipment, 144 
crane types, 207-209 Vessels. See Crew vessels; Installation 
deck area shape/layout, 200 vessels; Transport vessels 
G-forces transmitted to payload, Visibility 
210-211 jacking up/down, 213 
height, 195 vessel, 210 
installation envelope per year, 216 VTCC. See Vessel Traffic Coordination 
installation speed, 216 Center 
jacking up/down, 211-214 
length, 195 W 
lifting system, 202-205 Waiting on weather (WOW), 214 
loading capacity, 198-200 catamarans, 261 
maximum deck area, 199-200 crew vessels, 269 
maximum draft, 196 declaration, 214—215 
maximum payload, 198-199 events, 214 
maximum wave peak period, 209 Waste management plan, 279-282 
minimum charter period, 197 actions, 279 
mobilization/demobilization costs, data collection, 279 
197-199 detail, 277 
needed visibility, 210 documentation process, 282 
open and closed deck availability, example, 280f 
201-202 flow of materials, 279 
operations and bookings, 196-198 flow of waste, 279 
options, 192-194 fluids, 281 
performance, 206 generator, 281 
preassembly, 200-201 information, 279 
propulsion system, 205-206 monitoring, 281 
service speed, 206-207 recycling and, 278 
ship owner, 194 template, 281 
transit mode, 209-211 waste weight, 279-281 
transit velocity, 210 Water depth 
type of ship, 192 in foundation design, 3 
use, 194 maximum, in jacking up/down, 214 
Vessel Assessment Sheet, 196 Wave height 
and WOW, 214-215 crew vessels, 267 
see also Installation vessels in jacking up/down, 211 
Vessel operators, 194 Waves, 231-232 
Vessel traffic control, 65 data, 232 
Vessel Traffic Coordination Center load, in foundation design, 3 


(VTCC) short, crested, 231 
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Waves (Continued) 
vessels moving in, 232 
wind generation of, 233 
Weather 
criteria, 151 
forecasts, 172 
limits, crew vessels, 267 
Width, vessel, 195, 265 
Wind, 232 
as determining factor, 233 
speed (limit), crew vessels, 267 
wave generation, 233 
Wind farms. See Offshore wind farms 
Wind turbines, 1 
components, | 
electricity generation, 1 
foundation, 1 
installation of, 65 
lifting of, 208-209 
metocean conditions and, 29 
nacelle, 1 
O&M strategy, 237-238 
onshore, 3 
personnel transport problems, 237 
planned annual checkup, 225 
in project planning, 29 
repairing, 273 
responsibility price increase, 117 
rotor, 1 
size and behavior on foundation, 29 
tower, 1 
transport vessels, 239-245 
transporting, 245-254, 237-254 
unplanned maintenance, 225 


vessel access to, 215-216 
see also Offshore foundations; 
Offshore wind farms 
Wind velocity 
jacking up/down, 212-213 
maximum, cranes, 209 
maximum for crane, 209 
vessel positioning and, 212-213 
Work vessel coordination, 143-149, 143 
guard vessel, 147 
need for, 143 
operations center, 145-146 
organization of surveillance, 147-149 
organization setup and functions, 
143-144 
requirement demonstration, 143 
tracking system, 144 
traffic control, 146-147 
traffic coordination, 146 
VTCC rules and regulations, 145 
Working conditions 
safe, 134 
unsafe, 135 
Working environment, 285—286 
care, 285 
clean, 134 
seabed disruption, 285 
Working instructions, 95 
Working permits, 95 
Working procedures, 61 
WOW. See Waiting on weather 


Z 
Zero discharge, 32 


